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PREFACE. 



Tiiii use of i^ortland Cement has been extended in the last 
few years to a wide range of different purposes, and there 
are a multitude of examples of its everyday use in ways that 
were never contemplated a few years ago. This has been 
brought about chiefly by the cheapening and improvement 
of the manufacture, though, of course, time has also had 
some influence in making better known the good qualities 
of the product and its possibilities. 

In a treatise on Portland Cement, the subject could be 
dealt with from several aspects. The aim of this book 
is to furnish what may be called the lay-user of Portland 
Cement — i.e., the farmer, estate owner, manufacturer, and 
the householder — with some account of the many uses to 
which the material can be put with advantage, as well as 
to provide the members of the technical professions and 
trades with a comprehensive summary of certain aspects 
of the subject, upon which, hitherto, there has not been 
much reliable information available. 

It is our purpose to point out the wide possibilities 
which exist for the useful employment of Portland Cement. 
Examples are given to show what use is being made of the 
material, with the hope of affording instruction and advice 
to those unfamiliar with Portland Cement and its applica- 
tion, and to serve as a reminder and reference book 
to those who are more conversant with both. As this 
work is intended for the lay-user as well as the expert, 
we have endeavoured to convey the information as simply 
as possible. 

Portland Cement will be assured of still wider adoption 
in substitution for, or in conjunction with, other materials 
when it becomes recognised that good work depends as 
much upon the user as upon the cement. Care, practice 
and supervision are essential, and this work is intended 
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vi. PREFACE. 

to assist users in avoiding mishaps from causes which 
have nothing to do with the quality of the cement, as well 
as to serve as a guide to the many purposes for which 
Portland Cement is suited. 

The favour with which the first edition of this book 
was received led to the preparation of a second edition 
much earlier than was anticipated ; and the success of this 
issue has been even greater than that of the earlier one. 
The third edition is now presented and it is hoped will 
meet with a similar reception. The ever increasing popu- 
larity of Portland Cement, and the application of it to fresh 
uses, called for the addition of two hundred pages in the 
second edition descriptive of and illustrating these develop- 
ments ; thus, in two years we found it necessary to more 
than double the size of the book. 

The light of experience has led to the revision of 
some chapters in the present edition and to the incorporation 
of new matter in others. This is notably the case in con- 
nection with reinforced concrete, the. use of which has 
steadily continued and grown. The inclusion in this 
edition of a glossary of technical terms and an index will 
add, we trust, to the usefulness of the book. 

Our thanks are due to correspondents, not merely for 
complimentary letters recording the help that they have 
received from the work, but also for suggestions which 
have been found valuable and have, as far as possible, been 
utilised in the present edition. For such suggestions we 
are always grateful. It should be borne in mind that the 
price of Portland Cement, as of other materials, fluctuates 
from time to time, and that the cost of concrete and all 
other work executed with cement must of course vary in 
proportion. The calculations or statements of cost given in 
various places in this book cannot therefore be regarded as 
applicable under all conditions, but as the cost of the 
cement itself forms but a minor part of the total expense 
the variation in actual, practice will probably not be serious. 

As we anticipate that this book will see the issue of 
further editions, we shall welcome any expressions of 
opinion, or any fresh data that may enable us to improve 
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it ; and we would thank readers in any event to inform us, 
by use of the form to be found at the end of the booklet, or 
by letter, whether any fresh editions or other pamphlets 
referring to new uses or changes in practice that we may 
be issuing from time to time are to be forwarded to them. 
In conclusion, we wish to express our thanks to 
** Concrete and Constructional Engineering,** of 8, 
Waterloo Place, S.W., for a good deal of most useful 
information included in the following pages and for the loan 
of numerous illustrations. 

The Associated Portland Cement 
Manufacturers (1900), Limited. 

Portland House, 

Lloyds Avenue, London, E.C. 



March, J913. 
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INTRODUCTION. 



Perhaps the most striking feature of the modern use of 
Portland Cement is the erection of buildings and all kinds 
of structures in reinforced concrete. And scarcely less 
notable is the way in which it has been satisfactorily 
applied in the construction of walls with hollow concrete 
blocks. The variety and magnitude of the applications of 
reinforced concrete are really surprising, as the following 
pages bear witness. The whole aspect of modern building 
and engineering construction has been changed by its 
advent. The design of reinforced concrete is a subject upon 
which, in the majority of cases, the advice and assistance 
of experts are required, but there are many simple ways 
in which the fundamental principle of strengthening con- 
crete by the embedding of steel can be utilised by anyone 
without professional knowledge. Concrete blocks are 
readily made by means of one or other of the several 
machines on the market, or, indeed, can be made in 
ordinary wooden moulds, and they have been found con- 
venient and economical for the erection of agricultural 
labourers' cottages, farm buildings, village halls, etc., as 
they can be manufactured on the site with materials obtained 
in the immediate neighbourhood of the work to be done. 

Portland Cement concrete, plain or reinforced, made in 
situ or brought to the site in the form of moulded blocks, 
slabs, posts, etc., has been used with excellent results for a 
great many purposes by agriculturists and stock-breeders, 
where formerly, for the sake of economy, it was customary to 
erect farm buildings of timber. It has now been 
recognised that not only can such buildings often be erected 
in concrete as cheaply, and sometimes at less cost, than 
in other materials, but that from the point of view of 
lasting quality, economy in upkeep, and cleanHness, it 
is infinitely superior. Modern sanitary investigation has 
led us to a better understanding of the vital importance of 
cleanliness in keeping stock and handling farm products. 
Badly ventilated, badly lighted and unclean stables, byres 
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and styes, are now known to foster disease, and to result 
in loss in the rearing of live stock. Further, timber is 
subject to fire, whereas suitably prepared concrete is one 
of the most fire-resisting materials known. 

The depopulation in rural districts which has been going 
on for many years past, and about which there has been 
much agitation, renders it of increasing importance to 
carry out the work of a farm with the least expenditure of 
labour, and from this aspect concrete offers a solution to 
many difficulties. A concrete building is not subject to 
deterioration ; it is fire-resisting, clean, free from vermin, 
and will withstand the severest weather and the roughest 
usage. Needing no repair, it seems, indeed, to get stronger 
with age, and almost requires dynamite to remove it. The 
first cost is the last cost. So much for the business aspect. 

From the sanitary point of view a concrete building 
can be washed down, scrubbed, disinfected, steamed or 
sterilised so as to destroy all germs, while it can be kept 
clean with the least expenditure of labour. 

Portland Cement concrete is therefore an attractive 
material from all standpoints. 
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Portland Cement is essentially a British invention. It 
was originally patented by Joseph Aspdin, a bricklayer, of 
Leeds, in 1824, though it has been stated that it was 
invented by him in 181 1. It was first used, on any exten- 
sive scale, by Brunei in the construction of the Thames 
Tunnel in 1828, being supplied from Aspdin's works at 
Wakefield. It took some time for the cement to make 
headway against prejudice, and for the professional and 
lay public to appreciate its advantages. 

The name ** Portland Cement " was given to the 
material by its inventor because of its resemblance, when 
set hard, to the well-known building stone quarried at 
Portland on the south coast of Dorsetshire, and used for 
many important buildings, such as St. Paul's Cathedral and 
Somerset House. 

Portland Cement was first made on a trulv commercial 
scale at Swanscombe, Northfleet, Faversham, and Cliff e, 
all in the County of Kent, at the works of ** J. B. White & 
Brothers," ** Robins & Co.,'' ** Knight, Bevan & Sturge," 
'* Hilton, Anderson & Co.," and ** Francis & Co.," all of 
which firms were pioneers of the cement industry and have 
now been incorporated with others in ** The Associated 
Portland Cement Manufacturers (1900), Limited." 

Portland Cement has therefore been used in this 
country and throughout the world for just upon ninety 
years, and the production has increased by leaps and 
bounds, especially in recent years. It is now manufactured 
in almost every country, and the amount of capital invested 
in the production of cement represents many millions of 
pounds sterling, while the world's annual output may be 
estimated at over 20,000,000 tons. 
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ITS LASTING QUALITY. 

Concrete made with hydraulic lime has been known for 
some hundreds of years. The Romans used lime concrete 
that has stood for centuries and is doubtless better to-day 
than when it was first made. Roman aqueducts, baths and 
temples remain to show its enduring qualities. The 
Pantheon at Rome, built with a huge concrete dome, is 
one of the world's greatest buildings and is perfectly ser- 
viceable to-day, and the concrete domes and vaults of the 
Baths of Caracalla and Diocletian are among the chief sights 
of Rome. But concrete made with hydraulic lime, or special 
cements largely composed of lime, such as Roman cement, 
was nothing like so serviceable a material as Portland 
Cement concrete. We refer to it merely because it shows 
the remarkable resistance and life possessed by concrete. 
If lime concrete has stood unharmed throughout the ages, 
Portland Cement concrete, which is infinitely superior, must 
be imperishable. 

THE CONCRETE AGE. 

We have passed through what has been termed the 
steel age, and are now in the concrete age. Many of 
the greatest engineering works of modern times could 
never have been carried out without Portland Cement con- 
crete. It is now used in substitution for stone, brickwork, 
timber, steel- and iron-work. 

With steel and iron embedded in it, Portland Cement 
concrete produces the most fire-resisting buildings. This 
style of construction is called reinforced concrete. The 
name indicates the purpose for which the metal is em- 
bedded — namely, to add its own special qualities to 
strengthen the concrete, and to enable it better to resist 
any destructive forces to which it may be subjected. 

Reinforced concrete has not only great strength but a 
considerable amount of ductility ; therefore, it can be safely 
subjected to higher stresses than plain concrete. It has been 
found to resist shock and remain uninjured by continual 
vibration, 

Portland Cement has the remarkable property of 
thoroughly protecting steel and iron from corrosion or 
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rusting. This is due to the chemical nature of the material 
and an intimate chemical action which need not here be 
demonstrated. That it provides a better means of pro- 
tecting steel and iron from rust than any other anti- 
corrosive, has been proved up to the hilt. Steel and iron 
embedded in concrete have been found uninjured under the 
most adverse conditions. We need refer to one instance 
only to prove this. Some reinforced concrete water pipes 
(i§ in. thick) were constructed in Grenoble twenty-two 
years ago. After fifteen years, two lengths of pipe were 
raised for inspection, and it was found that although the 
water had been flowing through them and they had been 
embedded in soil for all those years with only J in. of 
Portland Cement concrete protecting the steel, the metal 
was as bright as on the day it had been put in. 

QUALITY OF MODERN PORTLAND CEMENT. 

Portland Cement was formerly manufactured by a 
somewhat rule of thumb method, but it is now in the hands 
of trained and experienced chemists who watch and check 
every stage of its manufacture. The good quality of 
modern Portland Cement from the best works is so well 
assured that the user has little cause for attributing mis- 
haps to the Cement, but should attribute a failure to some 
other cause. Provided the Portland Cement be obtained 
from makers of repute in this country, cases in which it 
will not make good work, if properly treated and used, 
are extremely rare. In the English Colonies and in most 
markets abroad the best English brands of Portland Cement 
are obtainable and should always be demanded. 

THE DIFFERENCE BETWEEN GENUINE PORTLAND 
CEMENT AND *' NATURAL*' CEMENT. 

Though much good Portland Cement is now manufac- 
tured abroad, very little of this comes into the United 
Kingdom. A large quantity of ** Natural " cement, how- 
ever, is imported into this country and into the British 
Colonies, almost entirely from Belgium. It is sold as 
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*' Portland Cement,** or even as ** Best Portland Cement," 
but is very inferior, and should be carefully avoided. 

To explain the difference between this material and 
the genuine article it is necessary to say a few words 
concerning the composition and manufacture of Portland 
Cement. Chemically, it consists of lime, silica, and 
alumina in certain proportions, which experience has shown 
must not vary beyond certain limits. The Standard Specifi- 
cations define Portland Cement as resulting from an intimate 
mixture of ** calcareous and argillaceous materials,** which 
in ordinary language and practice meaniS that chalk or 
limestone is mixed with clay or shale, or that marl (which 
is a mixture of chalk and clay in very varying proportions) 
is mixed with either of these in such proportions as are 
necessary to produce a uniform chemical composition of 
the resulting cement. Only by the use of separate raw 
materials, and by controlling their proportions from day 
to day, and even from hour to hour, and intimately mixing 
them prior to calcination, is it possible to secure a uniform 
chemical composition in the finished Cement. Cement pro- 
duced in this manner is alone entitled to be considered 
genuine. To distinguish it from the inferior product here- 
after described, it is technically known as ** Artificial ** 
Cement, and when the buyer is in any doubt he should 
demand a guarantee that the Cement offered to him as 
** Portland Cement ** is ** Artificial.** 

Now, in certain parts of the world, including Belgium, 
there are large mineral deposits, chiefly in the form of 
rock, in which Nature has, in a very rough and uneven 
manner, mixed together the limestone and the shale. The 
chemical composition varies greatly in the same quarry, 
and the percentage of rock of even fairly accurate com- 
position for cement-making purposes is very small indeed. 
Some of it contains too much lime, but more contains too 
little. As it would cost too much to select only the rock 
of correct composition and throw away the remainder, the 
material is taken just as it comes, and without preliminary 
grinding and mixing, is thrown into the kiln and burnt, 
after which it is ground in the usual way. In other words, 
it is merely Ground Lime, and is in fact frequently sold 
under that description in Belgium, although more often 
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palmed off on an unsuspecting public as *' Best Portland 
Cement.'* To distinguish it from the genuine artificial 
product it is known in the trade as *' Natural '* cement, 
but the producers and vendors are usually very careful 
to avoid that description and to conceal its true character 
whenever possible. Many serious failures have occurred 
from its use, and the money loss arising therefrom has 
sometimes been very great. Though it may sometimfes 
turn out all right, the composition is so variable that no 
reliance can be placed upon it. Its specific gravity is never 
equal to the standard demanded for first-class cement. It 
is often very unsound. It will never comply with all the 
requirements of the British Standard Specification. Its 
cheapness is its only attraction, and if any failure should 
occur, the user will inevitably suffer a pecuniary loss far 
greater than any saving in first cost. For concrete work," 
as for other things, the best is the cheapest in the long run,^ 
and nothing but genuine artificial Portland Cement should 
ever be employed. 

*' Natural " cement is not allowed to be supplied under 
the name of Portland Cement either in Germany or in the 
United States, where, as in Great Britain, what is to be 
accepted as Portland Cement is strictly defined. 

The user is therefore recommended in all cases 
to ask for English Portland Cement and to see that he 
gets it. The sacks or casks he receives should clearly 
convey this information. Any material supplied in sacks 
having only initials or marks, instead of the full name of 
the actual manufacturer, should be regarded with suspicion, 
as this form of marking the sacks is usually expressly 
adopted in order to avoid the necessity under the Mer- 
chandise Marks Act of marking the package ** Made in 
Belgium," and of thereby disclosing the real nature of the 
contents. 

SLAG CEMENT. 

Another material to be avoided is cement manufactured 
from blast furnace slag. Such a cement is cheaply pro- 
duced, and is .widely different in its composition from 
Portland Cement, so that it cannot be relied upon to yield 
durable work. Moreover, it must be used quite fresh, as 
it quickly deteriorates with storage, and there are many 
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instances of concrete 

made from slag cements 

disintegrating in course 

of time. 

THE TESTING OF 

POXTLAND CEUCNT. 

The practical user 

of Portland Cement on a 

moderate scale is 

generally without the 

appliances necessary for 

carrying out the tests 

specified fay engineers. 



the 1 
ask 



advised to 
e r for a 



" medium " or " slow " 
setting Portland Cement. 
The former has been 
defined by the En- 
gineering Standards 
Committee as a cement 
which sets, when gauged 
neat, in not less than 
half an hour nor in more 
than two hours at nor- 
mal atmospheric tem- 
perature ; the tatter is 



Fig. 1. Sound neat cament pat 

Under any circumstances 
these can only be con- 
ducted satisfactorily in 
a well-equipped labora- 
tory and testing room, 
and should be entrusted 
only to those who have 
had considerable ex- 
perience ; otherwise the 
results are misleading. 

Except for special 
work, which will be 
hereafter referred to, 
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one which takes not less than two, nor more than seven, 
hours to set. 

To ascertain the soundness of Portland Cement in a 
rough and ready manner, a pat of cement half an inch in 
thickness should be gauged with about 22% by weight of 
clean fresh water and placed on a piece of glass, iron, or 
slate. At the end of twenty-four hours the pat on the glass 
should be placed in still water and left there for inspection 
during the progress of the work. Figs, i, 2, and 3 
illustrate the difference between contraction and expansion 
cracks in such neat cement test pats. The pat shown in 
Fig. I was gauged with a perfectly sound cement, and was 
kept in a moist atmosphere at normal temperature (58 to 
64°F..) — away from draughts or heat— during setting. The 
pat was then boiled for six hours, remaining absolutely 
sound as shown. Fig. 2 shows a pat gauged with the 
same cement as Fig. i, but exposed to the sun's rays 
and a drying wind during setting. The cracks shown are 
contraction cracks and do not indicate anything wrong in the 
cement. Fig. 3 shows a pat gauged with an unsound cement. 
The cracks shown are expansion cracks. If the cement 
continues to increase in hardness, and its appearance is 
satisfactory, the user should look to other causes if the 
work is not good. 

Some years ago, when not so much was known about 
the chemistry of Portland Cement, there was more variation 
in the composition, and the cement was not ground so 
finely as it is to-day. There has been a steady increase in 
the last few years in the fineness of grinding due to (i) the 
appreciation of the engineering profession that this fineness 
of grinding is essential to produce great strength in the 
concrete, and (2) the improved machinery for grinding. 
A very finely ground Portland Cement will go further than 
a coaVsely ground Portland Cement. The variation in 
the composition was attributable to inadequate methods of 
mixing the raw materials, and to the want of proper super- 
vision by chemists over every stage of the manufacture. 
It is customary nowadays for the composition to be tested 
by the analysis of samples taken at every stage of the 
manufacture, whereby a uniform composition is maintained, 
while at the same time increased knowledge of the chemistry 
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of cement has led to a better comprehension of the pro- 
portions necessary to give the best results. Often the old 
cements were over-limed ; but the imposition of standard 
tests now compels the manufacturer to see that practically 
no free lime is present, and the fineness of grinding and the 
hydration of cement in the process of grinding prevents any 
material expansion in the actual work. 

The Le Chatelier test is the easiest 
for testing the expansion of cements. 
This test is carried out by placing 
a portion of gauged neat cement 
within a small split cylinder of spring 
brass which has pointers attached, as 
shown in Fig. 4. The mould is placed 
on a small glass plate, the cement is filled 
in, care being taken to keep the edges of 
the mould gently together whilst this 
operation is being performed; the mould 
is then covered with another glass plate, 
a small weight is placed on this and the 
mould is immediately placed in water, 
at a temperature of 58 to 64°F., where it 
remains for 24 hours. It is then removed 
and after the distance separating the 
pointers has been measured, is put into 
a suitable tank or saucepan containing 
cold water, which is brought up to the 
boil in 25 to 30 minutes and kept boil- 
ing for six hours. Upon removing 
from the boiling water it is allowed to cool, the distance 
separating the pointers is again measured, and the 
difference between this and the previous reading represents 
the expansion of the cement, which according to the British 
Standard Specification should not exceed 10 millimetres 
when the cement has been aerated for 24 hours, or five 
millimetres after seven days* aeration. 

It is customary now for the best manufacturers to 
produce a cement which does not show a greater expansion 
than one to two millimetres. But even if the expansion be 
slightly more than ten millimetres the cement in practice 
would probably prove satisfactory because it is not used 
neat. 




Fig. 
The Le Chatelier Mould. 



PORTLAND CEMENT. II 

INITIAL SETTING AND HARDENING. 

A distinction should be recognised between the initial 
setting and the hardening. The initial setting is the 
commencement of the chemical action which is set up when 
the water combines with the cement ; the hardening process 
is a much slower one. If the initial setting be interrupted 
the cement will take a long time to harden, and may, 
indeed, never set properly. For this reason the work must 
not be disturbed. The initial period of setting is materially 
affected by the atmospheric temperature at the time the 
cement is used, and by the temperature of the water. 
The warmer the weather and the water, the more rapidly 
will the setting take place. If it be found, after some days, 
that the work is still soft or setting slowly, some further 
time should be given, especially in cold weather ; a 
temperature which is little above freezing point practically 
arrests the chemical action which causes the Portland 
Cement to set. Work should not be broken up because it 
is thought that the cement will not set ; there is always the 
sample pat to be referred to. Various causes may retard 
the setting, but if the precautions recorded in the second 
chapter with regard to the making of good concrete be 
observed, ultimate setting may be depended upon. 

AERATION OF CEMENT. 

For many years it has been the custom of some en- 
gineers to aerate cement before using it on important work, 
by spreading it out and turning it repeatedly in order to 
expose it to the action of the air. This ** air slaking " was 
a very necessary precaution with cements manufactured 
years ago, which were coarsely ground and often 
imperfectly calcined, and, as a consequence, were liable to 
** blow '' or expand when made into concrete and deposited 
in position. With modern Portland Cements, manufactured 
under improved conditions and under skilled chemical con- 
trol, such process of aeration is not only antiquated and 
unnecessary, but is positively injurious to the strength. 

The value of cement as a constructional material 
depends entirely on its property of combining chemically 
with a certain amount of water, thereby forming a hard 
compact mass, and the finer the cement is ground the more 
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active it is. Consequently when such finely ground cement 
is exposed to the atmosphere it absorbs moisture with 
avidity, which combines with the silicates and aluminates, 
liberating calcium hydrate. This in turn abstracts carbonic 
anhydride from the air, being converted into calcium car- 
bonate, and a portion of the cement is thus rendered inert. 
If this process be continued for a sufficient length of time 
the whole of the material will be gradually hydrated or 
** killed *' and will cease to have any value. Experiments 
have shown that exposure in a thin layer to a humid 
atmosphere for a period of three to four months is sufficient 
to render cement quite useless as a constructional material. 
Hence it follows that if excessive aeration destroys the 
whole character of the cement, partial aeration must 
deteriorate it to the extent to which such aeration is carried. 
It is simply a question of degree. 

With the coarse, imperfectly calcined cements of 
former times this deterioration was not so marked, owing 
to the lesser activity of such cement ; and, in any case, was 
of infinitely less consequence compared with the advantage 
derived from the cement being rendered sound, or free from 
the tendency to expand in the work. The best Portland 
Cements of to-day are quite sound, and free from any 
tendency to expand, when sent out from the works. The 
engineer can satisfy himself as to the soundness of the 
cement he receives by the tests^ laid down in the British 
Standard Specification, and if these tests are passed satis- 
factorily he need have no hesitation in using the cement 
direct from the sacks or casks without any laying out or 
turning whatever. 

The partial hydration of cement by absorption of mois- 
ture has the effect of retarding the setting time, and this 
is sometimes given as a reason for aeration, as by its 
means an unduly quick cement can be rendered slower 
setting. This, however, is a very crude and haphazard 
method, because although absorption of moisture lengthens 
the setting time, on the other hand the absorption of car- 
bonic anhydride results in a quickening of the setting time, 
and as both moisture and carbonic anhydride are always 
present in the atmosphere, the ultimate effect of aeration 
is dependent on the relative amount of each of these sub- 
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Stances which the cement absorbs. This is entirely 
governed by the local conditions, and the setting time of a 
cement which has been aerated may thus be either slowed 
or quickened. This has not been understood by the great 
majority of engineers and other users of cement, and the 
unexpected effects on the setting time brought about by 
spreading and turning have usually been ascribed to some 
imaginary defect in the cement itself. 

By the patent hydrating process invented and used 
by the Associated Portland Cement Manufacturers (1900), 
Ltd., cement is scientifically matured and its setting time 
regulated during the process of grinding the cement clinker 
to powder. By this process the particles of cement are 
surrounded by an atmosphere of steam during their attrition 
and pulverisation, thus enabling every particle of the 
material to absorb and combine with a regulated quantity 
of water in the absence of carbonic anhydride. By this 
means the setting time can be largely controlled ; and owing 
to the absence of carbonic anhydride during the process, 
the cement particles are not rendered inert, as is the case 
when they are exposed to the air. 

When it is necessary to hold a large stock of cement, 
it is preferable to store it in bulk rather than in sacks. 

The storage shed should be thoroughly water-tight, and 
a timber construction, with felt or asbestos tile roof, should 
be adopted in preference to iron, as with the latter con- 
siderable condensation takes place under certain conditions 
of the atmosphere. 

The floor of the shed should be of concrete or wood. 
In the latter case the timber should be well seasoned and 
laid as close as possible, and raised at least 6 in. above the 
ground level to prevent absorption of moisture. 

As already stated, aeration of modern Portland Cement 
is unnecessary. 
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SAND AND COARSE MATERIAL. 



Concrete is made by mixing Portland Cement with sand 
(this mixture being sometimes called the matrix), and with 
large or fairly small particles of hard material (these latter 
being sometimes called the aggregate). The London 
Building Acts more accurately define the ingredients of 
concrete as cement, sand and coarse material. 

As coarse materials suitable for use with Portland 
Cement, almost any hard and fairly clean material is ser- 
viceable. The following are those more generally used : — 

1. Coke-breeze 4. Broken stone 7. Broken brick 

2. Clinker 5. Slag 8. Burnt ballast 

3. Shingle 6. Crushed granite and 9. Pumice and 

volcanic rocks trass 

COKE-BREEZE AND CLINKER. 

What is known generally under the term ** breeze *' is 
extensively used as a coarse material because of its cheap- 
ness, but it requires careful selection, for the term includes 
pan-breeze and ashes, which are entirely unsuitable, con- 
taining as they do small unburnt or partially burnt pieces of 
coal and coke and other deleterious substances such as sul- 
phur or sulphurous compounds, as well as being full of dust. 
Breeze is commonly confused with coke-breeze which is 
generally a suitable material, being composed of small 
pieces of coke and costing much more than ** breeze.'* 
Coke-breeze itself should not be dusty, and it should be free 
from organic impurities and from ammonia or sulphur, but 
sometimes is not, and bad cases of expansion have been 
traced to inferior coke-breeze- -or rather coke-breeze con- 
taining pan-breeze or other unsuitable matter — the probable 
cause being a combination of the sulphur contained in it 
with the lime in the cement, and the formation thereby of 
sulphate of lime. Scotch coal generally contains an excess 
of sulphur, and coke-breeze obtained therefrom should 
be treated with suspicion. 

Boiler ashes obtained from railway locomotives and 
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stationary engines are very absorbent and dangerous, as 
they very often contain a considerable quantity of unburnt 
fuel. Moreover, the fuel itself often contains a considerable 
quantity of limestone, and this, becoming calcined in the 
burning, results in quicklime, the presence of which is 
highly deleterious to the cement and frequently disastrous 
to the concrete work. Proper furnace clinkers, however, 
which are vitrified ashes, as a rule form excellent coarse 
material, except that they are porous. 

Both coke-breeze and clinker are light and produce 
concretes that are neither so heavy nor so strong under 
compression as those made with heavier and denser coarse 
materials such as stone, ballast, etc. 

Coke-breeze has been shown by tests not to spall and 
splinter under heat, though if water be applied as from a 
fire-engine, it will wash away the surface of the coke-breeze 
concrete. , Water will, however, do much greater damage 
to heated shingle concrete when composed of particles larger 
than 2 in. maximum size. 

Coke-breeze, broken brick, slag and pumice are really 
the best coarse materials from a fire-resisting point of view. 
The last, however, is open to the same objection as coke- 
breeze — namely, that it is porous. Unless great care is 
taken this is detrimental in certain situations, for it allows 
moisture to penetrate the concrete, and may after some years 
result in the corrosion of any embedded steel work ; but 
where there is no steel work this objection does not apply. 
For reinforced concrete, however, coke-breeze needs to be 
used with great care. It can be mixed in a small proportion 
with other coarse materials and sand, so that its porosity be 
considerably reduced, when it will be found advantageous 
under many circumstances. Even then, in connection with 
steelwork it is looked upon with disfavour by some persons, 
for, as noted above, it sometimes contains a small amount 
of sulphur and other substances which act upon the steel 
even if they do not disrupt the concrete. It suffers, how- 
ever, from being falsely accused by being confused with 
** breeze.** If used in connection with steel, coke-breeze 
concrete should be made into a thoroughly wet mixture. 

A good deal of clinker from refuse destructors is now 
u.sed for concrete, but it is a dangerous material, as it may 
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contain deleterious substances. It should not contain much 
iron if it is to be used for reinforced concrete, and it should 
in any case be washed. 

SHINGLE. 

Shingle forms a concrete that has very great strength 
as regards crushing action. For floors it should be broken 
fine — namely, not larger than will pass a mesh f in. sq., 
and should be screened of particles below ^ in., which may 
be regarded as sand. For foundations, retaining walls 
and mass work generally there is no need to reduce 
the size of the particles so small; i in., i} in., 2 in. and 
2} in. may be used, mixed with plenty of smaller particles. 

To obtain the greatest strength from shingle it should 
be perfectly clean. When ballast is obtained from a river 
it is often fairly clean, while that obtained from the sea- 
shore is as a rule entirely free from loam ; very often 
ballast or gravel from pits contain a large quantity of 
loam or clay that coats every particle of the aggregate. 
In such cases, unless the concrete is only required to be 
of a poor consistency, and more for the purpose of covering 
an area than to develop great strength, the gravel should 
be washed. The reason for this is that if the particles 
of shingle are coated round with a firm of clay, the 
cement in setting does not bind these particles together 
and therefore homogeneity is not obtained ; in other 
words, there is no adhesion between the cement and 
the stones — consequently, under a crushing load, at a 
certain point slipping of the surfaces, one on the other, 
occurs, and the concrete fails, exhibiting a much lower 
strength than would otherwise be developed. The presence 
of clay is, however, not so deleterious in sand. An 
angular coarse material generally gives a concrete of 
greater strength ; for instance, crushed shingle is superior 
to water- worn stones used unbroken, such as would be 
obtained from a pit. 

Formerly ballast concrete was often made without any 
screening and proper proportioning, but this is poor prac- 
tice, as a dense concrete cannot thereby be obtained ; the 
ballast either contains too many or too few finer particles 
to fill the interstices between the larger stones. 

Ballast is often termed gravel, though that term 
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is generally applied to fine screened pit ballast with 
all the loamy sand left in. When it is desired to signify 
that screened broken material is required it should be stated 
as '* clean, crushed shingle, graded from j in. to J in.*' 

Shingle concrete is inclined to splinter at a high tem- 
perature when composed of stones of large size, especially 
when water comes upon it, and therefore care should be 
taken in its use for fire-resisting floor construction, to see 
that the stones are broken to a small size, not exceeding 
J in. 

BROKEN STON£. 

Some hard limestones form extremely strong concrete. 
Such, for instance, is the case when Portland stone chip- 
pings are used. Generally speaking, limestones should be 
clean and free from dust, for if dust be present the setting 
of the cement will be materially interfered with and the 
strength reduced. Limestone cannot be termed fire-re- 
sisting, being calcined at a high temperature; but, on the 
other hand, fire does not penetrate far into concrete, so 
that if the limestone be broken small enough it will be 
sufficiently satisfactory. 

Sandstones when broken do not as a rule afford such 
strong concretes as limestones ; this is perhaps partly due 
to the presence of fine, dusty sand, for if they are washed 
clean they are not greatly inferior in strength, and in most 
cases afford excellent concrete. 

Crystalline rocks, known geologically as diorites, such 
as in many parts are used for roads, are also excellent for 
concrete, and yield some of the strongest concretes. They 
take an intermediate place geologically between limestone 
and sandstone on the one hand and granite on the other. 

CRUSHED GRANITE. 

Crushed granite being of crystalline nature forms a 
very good coarse material for concrete. Finely crushed in 
the form of granite chips, it is much used for floor finishings 
and provides an excellent wearing surface. 

It must not be supposed that because granite is an 
extremely hard material a concrete made therewith will be 
superior in strength to that made with other materials that 
have a less crushing resistance ; for instance, clean crushed 
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shingle has given better results than crushed granite, 
though the latter is generally better than unwashed gravel. 

Granite is composed in large proportion of mica and 
felspar, and, when crushed or broken, seems to contain 
a quantity of this in the form of fine dust, which reduces the 
strength of the concrete, unless it is washed. 

In the category of granite may be included other hard 
volcanic rocks such as basalt, quartzite, trap, whinstone 
and dense lavas. 

BROKEN BRICK. 

Broken brick is generally a good material for concrete. 
It is a fire-resisting material, having no tendency to splinter 
at high temperatures, and the small amount of porosity it 
possesses seems to afford plenty of adhesion. Care should 
be taken, however, that in breaking the bricks into small 
fragments too much dust is not produced, for this will be 
as deleterious as with granite or other materials. Some 
bricks contain sulphur and unslaked lime and others have 
been found by practice to f>ossess qualities that render them 
unsuitable for concrete, so great care needs to be exercised 
in the choice of bricks. 

The greatest care should be taken in using old bricks 
for the making of concrete. Often sulphate of lime has 
been used in the form of plaster on the walls of old 
buildings, and if this gets in with the concrete it will result 
in disintegration. There have been several instances of 
this, and old bricks with mortar or plaster adhering to them 
should never be used. There have been cases of 
serious trouble where Keene's cement has been used on 
the surface of the bricks. Although it is an excellent 
material in itself, it is a totally unsuitable substance 
to mix with Portland Cement, being largely com- 
posed of calcium sulphate, which, in presence of water, 
reacts chemically with the aluminates of Portland Cement, 
forming sulpho-aluminate of lime, which is attended by an 
increase in volume. The expansion so caused may be only 
slight, or on the other hand, may be very considerable, 
depending upon the proportion of sulphate of lime present, 
the amount of water and its character, and other circum- 
stances. For instance, the same percentage of calcium 
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sulphate might be practically harmless in concrete which, 
after setting, remained perfectly dry, and yet be disruptive 
if the concrete were deposited in a wet situation and re- 
mained constantly damp. 

BURNT BALLAST. 

The ordinary burnt clay-ballast, as a rule, is not burnt 
hard enough, and produces a concrete of indifferent quality. 
If, however, it is well burnt it becomes brick-like and is 
suitable for concrete. A clay suitable for brick-making 
should be used, and the fuel used should be slack, i.e., 
small coal, or coke free from sulphur or other deleterious 
substances. The lumps of clay are arranged with layers of 
slack every 6 ins. thickness. About ij cwt. of fuel should 
be allowed to every cubic yard of clay. The remarks in 
reference to broken brick as a coarse material for concrete 
apply equally to burnt clay-ballast. 

PUMICE AND TRASS. 

Pumice is another fire-resisting material. It is a 
porous volcanic product that has undergone the ordeal of 
fire and is silicious, and though, being naturally light and 
porous, it does not give such a strong concrete as a denser 
material would, still it affords a greater strength than 
coke-breeze or clinker. 

Trass, tuff or puzzuolana is also a volcanic scoria, 
consisting of consolidated volcano ashes, and was used 
years ago for mixing with lime concrete to increase the 
strength. This it did, apparently, because it was able to 
combine chemically some of its silica and alumina with the 
lime, resulting in a compound somewhat like Portland 
Cement. 

SLAG. 

Slag obtained from ironstone needs to be very 
carefully selected. It must not contain a large amount 
of sulphur, as this causes expansion and the cor- 
rosion of metal work. It is quite insufficient, generally, 
to wash slag once to remove this sulphur — long exposure 
to the air and frequent washings are necessary. Twice- 
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burnt slag, which is supplied for concrete work, consists of 
slag broken to the specified gauge — t.e., generally about 
f in., and then burnt in heaps to free it from sulphur. It 
should afterwards be well washed and weathered in the 
open air. Slag obtained in the Siemens-Martin process of 
steel manufacture contains little sulphur, though rather 
a high proportion of magnetic iron oxide which may prove 
h.irmful in reinforced concrete by combining with oxygen 
and water, thus becoming converted into hydroxide of iron 
with consequent expansion, and by electrolytic action in the 
presence of moisture. 

BREAKING THE COARSE MATERIAL. 

Throughout 
this description of 
the nature of coarse 
materials for concrete 
work we have been 
referring to broken 
materials. The 
breaking is done 
either by hand or 
machinery. The 
former is expensive, 
although the results 
are generally superior to those obtained from machine- 
broken materials, for the reason that there is no crushing 
action to damage them. Stone-breakers that imitate the 
breaking of stone by hand, obtained by a knapping action 
given by the move- 
ment towards each 
other of two breaking 
jaws, are the best. 
The crusher form of 
stone-breaker has a 
tendency to pulverise 
the material over 
much, with the re- 
sult that a good deal 
of fine dust is pro- 
duced which is harm. ^.^^ ^^ ^^^^,^^^ ^^^^^^^^ 




Fig. 6. Stone-breaker with knapping action. 
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ful to the strength of the concrete, as well as causing the 
aggregate to be damaged by the pressure exerted upon it. 
The crushers which have a gyratory motion given to them, 
so as to combine a kind of knapping motion with the 
crushing, overcome the above disadvantages to some extent, 
and if the material is washed after crushing there is no 
objection to their use. Fig. 5 shows a stone-breaker with 
knapping jaws, while Fig. 6 illustrates a g)Tatory crusher. 

WASHING THE SAND AND COARSE HATESIAL. 

Machinery is also used for washing the sand and coarse 
material, and those forms of washers in which the material 
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travels up a slight incline in a rotatory drum or in a station- 
ary drum containing a screw conveyor, with a stream of 
water washing down and over it, are the best, because there 
is no possibility of sediment. The material is shot in at the 
lower end, and the rotatory motion of internal screw-blades 
causes the material 
to work up the drum 
and to fall out at the 
top. Such a machine 
is illustrated in Fig. 
7- 

Another way in 
which the sand is 
often washed is by 

throwing it on a p,-^ g ^^^^^ ^„ u,a,hing .o«d. 
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vibrating screen having a stream of water flowing over it or 
suspended horizontally in a tank of water. 

Where mechanical washing is not available a good 
method is to put the material in a trough shaped as shown 
in Fig. 8, and keep the water running into it and over- 
flowing. By puddling the material the loam is removed 
by the running water, the heavier particles remaining 
behind. 

SirriNG THE SAND AND COARSE MATERIAL. 
The sifting of the sand and coarse material into various 
sizes is also sometimes carried out in the same manner as 
washing in a rotatory drum, except that the material travels 
down and not up the cylinder. Fig. 9 shows a form of 
rotatory sifter in which it will be seen that there are screens 
of different sizes arranged so that as the material travels 
therein it falls into two, three or four compartments, ac- 
cording to its size. For concrete, however, it is not neces- 
sary as a rule to have 
the material sifted, 
this being necessary 
only when it is to be 
used for special 
moulded work, for 
the small stuff, pro- 
vided it is not fine 
dust, serves to fill up 
Pig. 9. BoiBtorv rt/i«r. the interstices be- 

tween the larger particles of the aggregate in the same 
manner as sand, but the proportion of the different sizes 
should be known. 

SAND. 
It is for the purpose of filling the interstices or voids 
that sand is mixed with nearly all coarse material in 
making a concrete. It has been proved that if 
sand be added sufficiently to fill up the voids between 
the coarse material and only just .sufficient Portland 
Cement added to fill the interstices between the sand, a 
much smaller quantity of cement is needed than if the sand 
be omitted, while at the same time a stronger, heavier and 
more impervious concrete is obtained. 
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Sand of even size tends to weaken the concrete, as does 
also sand that is so very fine that it approaches dust in con- 
sistency. Evenness in size means a greater proportion of 
voids and either a larger quantity of Portland Cement has 
to be used to fill up the interstices or some remain unfilled to 
weaken the strength of the concrete. A well graded sand 
has therefore to be striven for, and when varying in size, 
coarse sand is the best. 

As a rule, a clean sand is preferable to a dirty or loamy 
sand, for it is dangerous to use a loamy sand unless experi- 
ence has shown that it is suitable for concrete work. The 
loam in many sands consists in great part of organic matter 
which is most harmful to Portland Cement. In other cases 
it consists of fat clay or mica not less detrimental, as these 
seem to reduce the strength of the Portland Cement, just 
as does the mixing of earthy colours, such as iron oxide, 
which is used for the production of red and yellow coloured 
concrete. But if the loam be in the nature of a sandy clay 
it is not so harmful ; in fact, in some instances it has been 
shown that a sand containing such loam will, with the same 
proportion of Portland Cement, render the iconcrete o£ 
greater strength than that made with the same sand washed, 
this being due to the fact that the fine clay particles in the 
sand serve the purpose of a fine sand in filling up the inter- 
stices between the larger particles of the sand, so producing 
a denser concrete ; but this is only where the proportion 
of cement added is insufficient to fill the voids in the sand 
alone, as in a proportion of 1:3. When i : 2 is the pro- 
portion the loam reduces the strength. As a rule, 
however, a loamy pit-sand requires washing to obtain a 
concrete of the greatest strength, though with the majority 
of sands it is unnecessary to do this. 

Fresh-water river or lake sand is preferable to pit-sand 
as a rule, as it is freer from particles of clay and dirt and 
consists wholly of silica. This also applies to sea-sand, which 
is perfectly suitable for concrete except that the salt in the 
sand results in efflorescence on the surface of the concrete. 
This, however, may be removed by washing the surface of 
the finished work with a solution of sulphuric acid, con- 
siderably diluted with water. The presence of salt does not 
affect the strength of the Portland Cement after a short 
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interval of time, though in the earlier stages it retards the 
setting and the hardening. After about three months 
no material loss of strength is noticeable, and, therefore, 
salt water is often used in mixing concrete in marine works. 
In using stones and sand from the sea-shore they should 
be taken from below high-water, otherwise it is probable 
that they will contain an undue proportion of salt, due to 
the spray from the waves drying upon them and so de- 
positing a large quantity of salt. 

Glacial sands (i.e., those produced by the grinding of 
rocks due to the action of glaciers) are found generally in 
the interior of countries, and are very inferior to ocean or 
lake sands, because they contain considerable admixture 
of hornblende, felspar, carbonate of lime, etc., which are 
soft and friable substances, decomposable by the atmosphere 
and deleterious to Portland Cement. Such are, of course, 
pit sands. 

FIRE RESISTANCE OF VARIOUS COARSE MATERIALS. 

In order to arrive at the relative fire resistance of con- 
cretes made with various coarse materials a series of tests 
were undertaken by the British Fire Prevention Committee 
with concrete floor slabs in which the coarse material was 
respectively slag, broken brick, granite, burnt ballast, 
coke-breeze, clinker, and Thames ballast, the Portland 
Cement used being the ** Ferrocrete '* Brand of the As- 
sociated Portland Cement Manufacturers {1900), Ltd. 

The results of tests are to be found in Report No. loi 
of the British Fire Prevention Committee, but the following 
** Object of Test " and ** Summary of Effect," with table, 
give a very clear view of the relative efficiency of the 
different coarse materials from a fire point of view. 

I.- Object of Test. 

The object was to record- the effect of a fire of 3 hours' 
duration, the temperature to reach 1800** Fahr. (982.2 C), 
but not to exceed 2200° Fahr. {1204.4 C-)> followed by the 
application of water for two minutes. 

The area of the floor under investigation was divided 
into seven equal bays of different coarse materials, the 
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SAND AND COARSE MATERIAL. 



No. 



I. Slag Concrete 



quantity and quality of Portland Cement used being iden- 
tical for each bay, and the nature of the concrete used being 
as follows : — 

Ko. Parts by volome 

IV. Burnt Ballast I Burnt Ballast 5 

Concrete (Cement ... i 

V. Coke-breeze (Coke-breeze 5 
Concrete (Cement ... i 

C Furnace clinker 3 
] Clean sand ... 2 
( Cement ... i 

Cement ... i 



Parts by Toliime 
^ Blast furnace 

slag ... 3 
Clean sand... 2 
Cement ... i 

II.BrokenBrickf^r°'^*^"^;j^^3 

Concrete Clean ^nd... 2 

V Cement ... i 



VI. Clinker 
Concrete 



III. Granite 

Concrete 



'Broken granite 3 

Clean sand... 2 

.Cement ... i 



last Concrete j 



The total area of the floor under investigation was 
200 ft. sup. (18.58 m. square). 

The soffit of each bay exposed was about 10 ft. 
by 2 ft. 7 in. {3.04 m. by .787 m.), the thickness being 
Sj ins. {.139 m.). 

The floor was loaded with 224 lb. per ft. sup. (1093.76 
kg, per sq. m.). 

The centering was struck 14 days after completion of 
the floor. The time allowed for drying was 40 days 
(autumn). 



II. — SniamAry of Effcet. 

In ten minutes after the gas was lighted the plaster 
began to fall off the beams and continued to do so until the 
end of the test. 

Towards the end of the test it was observed from the 
top of the hut that the edges of Bays Nos. I., VI. and VII. 
were red hot, No. VII. being the worst. 

On the application of water more plaster was washed 
off the beams than had fallen during the Are test, and some 
of the concrete from the underside of Bays Nos. III., IV., 
v., VI. and VII. was washed off. 

All the slabs remained in position. 

Bays No. IV., V. and VI. were flat on the soffit; the 
others were convex on the underside. No. VII. (the worst) 
to the extent of 1} in. On the removal of the load it was 
found that Bays Nos. I., II., III., VI. and VII. were 
cracked across, No. VII. being worst. 
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C ONCRETE. 

For the making of good concrete, then, a clean coarse 
material is required which shall be varying in size, together 
with the Best English artificial Portland Cement, as finely 
ground as it can be obtained, and a clean sharp sand of 
medium coarseness to fill the voids between the aggre- 
gates. The Portland Cement must be of sufficient quantity 
to fill the interstices between the sand with just sufficient 
over to adhere adequately to the larger aggregate. 

The ideal of good concrete is to make it strong enough 
for the particular purpose in view, but not to incur expense 
to make it of any better quality than is absolutely required. 
Concrete, therefore, should be so proportioned as to afford 
the necessary strength with the greatest economy. The 
proportioning is a matter that only requires careful treat- 
ment ; no special expert knowledge is necessary. In this 
respect the majority of work as customarily executed is 
not dealt with properly, and the treatment of the various 
materials to be used for making any concrete is determined 
as a rule from some set formula without regard to the 
qualities of the materials available, and without making 
a gradation according to the necessities of the case. A 
little preliminary forethought and careful study of the matter 
of proportioning will repay itself, for not only will the 
concrete generally be of far better quality, but great economy 
can often be effected by reducing the quantity of cement to 
a minimum, and sometimes replacing it by other materials 
which the old rule-of-thumb methods would have required. 

Strength in concrete is obtained by securing maximum 
density, rather than by increasing the proportion of Port- 
land Cement. One concrete may be made with a much larger 
proportion of Portland Cement than another concrete, but 
yet be much weaker by reason of cavities dud to 
not having a well graded mixture of different sizes of 
material to fit into each other. When once the Portland 
Cement fills all the cavities and adheres to each particle 
of the coarse material an increase in the proportion of 
the Portland Cement in a mixture will increase the strength 
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proportionately, but the first essential is to secure the maxi- 
mum density, and this must be striven for at all costs. 
Having obtained it, we may consider the question of the 
different qualities of material, and the desirability of in- 
creasing the proportion of the Portland Cement in order to 
increase the strength for any desired purpose. Therefore, 
to secure a perfect concrete the coarse material must be so 
proportioned and graded in its sizes as to reduce the per- 
centage of voids to the minimum ; there should be sufficient 
smaller stones to pack between the spaces of the larger 
ones, then still smaller stones to pack between these, 
coarse sand to fill the voids between the latter, 
and finally medium sand to fill the voids in the coarse sand. 
The Portland Cement should be called upon merely to fill 
the voids in the fine sand, with sufficient over to coat every 
particle of the coarse material, and so bind the whole toge- 
ther. By reducing the voids in the mixture of stones and 
sand we make the cement go further, which is of course on 
the side of economy. 

SELECTING A COARSE MATERIAL. 

In selecting a coarse material for any particular work, 
regard should be paid not only to its toughness, hardness 
and cost, but to the grading of the material with a view to 
obtaining the maximum density. In regard to this last, 
we may briefly refer to the character of coarse material to 
be striven for. If stone is to be used, it is best when it 
breaks in a cubical form ; a stone which breaks in flat 
layers, such as shale or slate, does not make so dense and 
compact a concrete as a stone with a cubical fracture, for 
the former laminated material cannot be rammed or tamped 
so closely as the latter. The size of the coarse material 
should be varied according to the purpose for which the 
concrete is to be used. In mass concrete, stones up to 
2j ins. in diameter may be used, but in walls up to, say, 
12 ins. in thickness, and for floors, the stones should not 
be larger than J in. in diameter. In fine work, such as 
reinforced concrete, a finely crushed ballast or stone is 
preferable. Concrete of small coarse material is more 
fire-resisting, and the fine material will easily penetrate 
into all crevices and round all reinforcements. 
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As before mentioned, it is not necessary to sift the finer 
portions of broken stone from the larger, because these 
smaller stones go to fill the voids between the larger ones. 
We must, however, examine the material as supplied to 
determine the proportion of voids, and what size 
and quantity of materials should be added thereto 
to fill the cavities and secure maximum density. 
Each fragment of stone may be looked upon as 
being proportionately as strong as a large solid block ob- 
tained by quarrying, unless it has been materially weakened 
by crushing, as sometimes occurs with granite, sandstone, 
or similar material when broken by a crushing action 
rather than by a knapping action such as is referred to on 

page 20. 

DUST AND DIRT. 

We have before referred to the weakening effect of 
dust upon concrete, and in any coarse material the quantity 
of dust should be determined, for if there be more than 10 
per cent, of the sand small enough to pass a screen with 50 
by 50 square meshes to the inch there will be a material 
reduction in strength. The dust tends to coat the larger 
particles and prevent the cement mortar coming in contact 
with and adhering thereto, and even if by thorough 
working up in the mixing it reaches every portion of the 
surface of the stone, its richness and strength are reduced 
by the dust, which should be estimated as part of the sand 
in the mortar. 

Coarse material should never be dirty, but it should be 
noted that, by thoroughly well mixing, the dirty coating 
may be washed off the material and so mixed in the mortar 
that the strength of the concrete may not be much reduced. 

ROUNDED AND CRUSHED PEBBLES. 

Some authorities argue that clean rounded pebbles 
make a superior concrete to broken stone, and that the 
roundness of the pebbles assists in arriving at compactness, 
being less likely to bridge and leave cavities in the concrete. 
It is true that in pebble or shingle concrete the percentage 
of voids is usually less than in a broken stone concrete 
where the material is not carefully graded, but 
when care is taken to grade the particles of the 
coarse material a better concrete can be made with the 
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broken material than with the other, and broken shingle or 
stone must be accorded the preference as it is cleaner and 
will wedge together better if properly worked. It is some- 
times imagined that because broken shingle or 
stone is rougher than pebbles the adhesion of cement to 
the former is greater than to the latter, but this is an 
error, for if adhesion depended solely upon roughness, the 
cementing together of two pieces of glass would be impossi- 
ble, whereas we know that this can be done. It should be 
understood that dense concrete may be made with a coarse 
material containing a considerable proportion of voids and 
without any sand, if only sufficient ramming and tampmg 
be employed, but as this would be extravagant only a 
moderate amount of labour is usually employed and the 
materials are carefully graded and a fair amount of water 
employed in view thereof. 

SAND. 

The quantity of Portland Cement required varies with 
the character of the sand. We may place in the category 
of sand all particles of aggregate up to i in. in size. There 
has been some discussion among experts as to the use of 
stone-dust for making mortar for concrete, and some 
assert that good results can be obtained when as much 
as 33 per cent, of stone-dust is present in the mortar, and 
that, moreover, it is superior for waterproofing purposes 
because it is denser. Artificial stone is often made with as 
large a proportion as this, but in the opinion of most 
authorities it is too great to secure sufficient strength 
for ordinary purposes. It all depends upon the 
kind of stone from which the dust is derived. Portland 
stone is excellent, but the mixed dust from masons* yards, 
varying in size from J in. down to the finest dust, will 
often give a weak mortar. Although, however, there is 
not much to choose between the two if the sand is well 
graded and clean and the stone dust is from a hard kind of 
stone, ordinary sand is to be considered more reliable. In 
selecting a sand for mortar, not only is a very fine sand 
dangerous because it may contain a large quantity of fine 
particles in the nature of loam or dust, which, as stated 
before, materially weaken the concrete, but a fine sand 
contains more voids and consequently more surfaces have to 
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be coated, and thus the use of more Portland Cement and 
more water is involved. It is often stated that the grains 
of sand should be ** sharp,*' but the term is loosely used, 
having more reference to cleanness than to the actual sharp- 
ness of the grains; but the word generally signifies a 
silicious sand, for a sand which is really clean is as a rule 
silicious, and is better than any other kind. There is no 
great value in the sand being truly sharp, and, as a matter 
of fact, sand is seldom to be obtained of this character 
except from broken stone, for most sands, even when ob- 
tained from pits, have been water-worn and are therefore 
rounded. Portland Cement will adhere to the surface of a 
clean rounded grain as well as to a sharp grain. 

TO DETERMINE PROPORTIONS. 

To make the best concrete we should so proportion the 
materials as to obtain a concrete of the maximum density. 

To determine the correct proportions of the materials 
various methods may be adopted. The following is a 
rough one that is generally used, but there are more ac- 
curate methods which require very little extra trouble : take 
a quantity of the coarse material, place it in a vessel of 
known capacity ; shake it down and level it at the top care- 
fully ; now add water from a receptacle containing a known 
volume until it reaches the top surface of the material 
in the vessel ; then, by deducting the water not used, deter- 
mine the amount of water necessary to fill the voids. Sand 
to this amount has to be added. The quantity of voids 
in the sand can be only roughly ascertained by similar 
means, as it usually contracts in bulk when water is added, 
which is the condition of practice. The proportion of voids 
in the sand gives the proportion of cement that must be 
added. A porous coarse material will take up a certain 
amount of water and consequently the quantity added is 
not a true measure of the voids between the particles. A 
porous material should therefore be wetted before it is 
placed in the measure. 

Another fairly accurate method of proportioning is as 
follows : determine the proportion of voids in the coarse 
material by filling a measure therewith and pouring in 
water as described above. Also determine the percentage 
of voids in sand by weighing a eft. of packed sand and 
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subtracting from 165 lbs. (the weight of a c. ft. of quartz), 
multiplying by 100 and dividing the product by 165. Then 
proportion the cement and sand so that the cement paste 
will be 10 per cent, in excess of the voids in the sand, and 
allow sufficient of this mortar to fill the voids in the large 
^gg^^g^te with an excess of 10 per cent. Thus : Suppose 
a sand contains 38 per cent, voids and the coarse material 
48 per cent, voids, then cement paste required per c. ft. of 
sand = 0.38 + ^^ X 0.38 = 0.42 c. ft. approximately. 
By trial i c. ft. of loose cement, lightly shaken, makes 0.85 
c. ft. of cement paste, and requires giffi or approximately 
2 c. ft. of sand, producing an amount of mortar equal to 
0.85 4. 2 (i — 0.38) = 2.09 c. ft. Mortar required per c. ft. 
of coarse material = 0.48 + 3^ x 0.48 = 0.528 c. ft. 
Therefore 2.09 c. ft. mortar will require ^'^^^ = approxi- 
mately 4 c. ft. of coarse material. The proportions are 
therefore i part cement, 2 parts sand, 4 parts coarse 
material. 

The inexactitude of the foregoing methods is due to the 
fact that the materials differ in compactness under different 
methods of handling. The actual volume of voids in a 
coarse material may not, and usually does not, correspond 
with the quantity of sand required to fill the voids, chiefly 
because the grains of sand thrust the particles of stone 
apart, and a portion of the sand is, with most coarse 
materials, too coarse to enter the voids of the latter. With 
most coarse materials some of the voids are smaller than the 
particles of sand, which therefore get between the stones 
and increase the bulk of the mass. Even with thorough 
mixing, more sand is required than the actual volume of 
voids of the coarse material. 

It may be stated generally that the volume of sand re- 
quired is generally five to ten per cent, in excess of the voids 
as determined by the water necessary to fill them ; that is, 
suppose we find that a gravel has 40% of voids, we shall 
require to use 45% to 50% of its volume of sand. 

In measuring the sand, regard should be paid to the 
volume which it will assume when mixed with the concrete. 
Thus, the proportions which have been determined by the 
above method have reference to a sand which has been 
wetted to approximately the condition in practice, but if a 
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sand is measured un wetted (i.^., as bought) it should be 
ascertained if this will reduce in bulk when wetted, and, 
if so, how much. 

The most satisfactory method, therefore, is to proportion 
by trial mixtures. A pair of scales is required and a piece 
of wrought iron pipe sealed at one end. The materials to 
be used for the concrete — namely, the coarse material, sand 
and Portland Cement — should be carefully weighed out and 
mixed to the same consistency as it is intended to employ 
in the work, in proportions (by weight) which seem likely 
to be suitable. The whole of the mixture should then be 
placed in the pipe and rammed or tamped therein. The 
height to which this certain specified weight of concrete 
rises, should be noted. Before the mixture has time to 
set it should be thrown away and the pipe cleaned. Now, 
another batch, using the same weights of Portland Cement 
and water, and the same total weight of sand and stone, 
but with a ratio of the weights of the sand and stone slightly 
different from the first mixture, should be placed in the 
pipe and tamped as before. The height should be again 
noted, and if it is less or more than in the first case, it will 
be a guide to further mixings. In this way after a few 
trials a proportion is found which gives the lowest height 
in the cylinder, and at the same time works well while 
mixing, all the stones being covered with Portland Cement. 

The following table is fairly reliable as regards the per- 
centage of voids in various materials, and may be used 
where it is not convenient to determine the exact percentage 
of voids. A box, whose weight has been ascertained, of 
any convenient dimensions — say, i ft. by i ft. 6 in. by 2 ft. 
(i.e., containing 3 c. ft.) — should be filled with the coarse 
material after it has been heated to 212° F., to drive off any 
moisture. The material should be put in the box loosely 
and the top levelled off with a straight-edge. The box 
should now be weighed when full. Deduct the weight of 
the box to ascertain the nett weight, and divide this by the 
number of cubic feet in the contents (i.e., by 3 in the case 
of a box of the dimensions suggested above). The result 
is the actual weight of i c. ft. of the coarse material. By 
reference to the following table, the percentage of voids 
may be ascertained. 
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PEKCENTAOE OF VOIDS. 
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This table does not apply to fine materials 
such as sand, or particles fine enough to pass a ^ in. mesh 
sieve, and therefore a material that contains fine parti- 
cles must be sifted before its percentage of voids can be 
determined by the table. The finer particles must be 
figured as a portion of the mortar, with which we shall deal later. 

As the stones have been measured loose, the percentage 
of voids is really slightly more than would be the case in 
actually rammed or tamped concrete. Thi^ is due to the 
lubrication of the stone by the mortar, and to the wedging 
of the stones together under the actiQn of tamping. This 
will mean that there is a slight excess of mortar which will, 
however, offset any unevenness in the mixing. 

For the purpose of ascertaining the proper proportions 
to use for the making of mortar we cannot determine the 
voids in sand by such means with any degree of accuracy. 
Fpr instance^ if the sand is first weighed dry and then 
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water is added and its weight obtained and divided by the 
specific gravity so as to obtain the quantity, this will not 
give the actual volume of voids in the sand ; for when sand 
is wetted it occupies less space, though if merely damped 
it may be said in practice to swell in volume by reason of 
the particles having more adhesion and not shaking down 
so tightly as when quite dry, so that there are more voids 
in a c. ft. of damp sand than in a c. ft. of dry sand, 
while at the same time the available voids of the damp 
sand differ from the available voids of the dry sand. Fine 
sand takes up more moisture than coarse and swells in 
volume considerably more, but when it is wetted it contracts 
again in bulk to about the same volume as dry sand, so that 
it is accurate enough to ascertain the proportion of voids in 
sand by determining the specific gravity and volume of the 
sand in the dry condition. Again, water added to 
Portland Cement so as to form a thick paste reduces the 
volume, so that a c. ft. of packed dry Portland Cement will 
not make a c. ft. of paste. 

Generally speaking the finer the sand the larger the 
bulk of mortar it will make in any fixed proportions. At 
the same time and to a greater degree the finer the sand 
the weaker the mortar. It is much worse, therefore, to 
increase the bulk of concrete by substituting fine sand for 
coarse with the same cement and stone than it is to use a 
stone with fewer voids for the same purpose of increasing 
hulk. Fine sand should thus never be used if it can be 
avoided ; if it must be used then the fwoportion of cement 
should be increased to give the required strength. Economy 
is effected by selecting sand of the best quality, i.e., coarse 
sand but graded in size, sand which will produce the 
strongest mortar with the given projx)rtion of cement, and 
then adjusting the proportion of cement to sand so as to 
produce concrete of a strength just sufficient for the pro- 
posed work. 

Reference has been made to the manner of determining 
the correct proportions by finding what produces the least 
volume of concrete. The same method should be 
applied to sand, the best being that which, when 
mixed with Portland Cement and water of the required 
proportions by weight, produces the least volume of 
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mortar. Two or more sands may often bm mixed 
together to give the desired result. In testing sands 
for compactness, the Portland Cement should be added, 
for it serves as a kind of lubricant, allowing greater com- 
pactness than can be obtained from the sand alone. The 
manner of testing the quality of the sand, or the propor- 
tions in which several sands should be mixed together, is 
to take a glass graduated measure and measure off certain 
quantities of the different kinds of sand so mixed together 
as always to give the same quantity. For instance, sup- 
posing we decided upon loo c.c* of sand as the total 
quantity, we take 70 c.c. of coarse and 30 c.c. of fine sand, 
or 60 of coarse and 40 of fine. We then mix one part of 
Portland Cement to three parts of sand, by weight, and, after 
observing whether the mortar works smoothly, place it in the 
graduated glass, tamping it slightly therein. The volume 
is now read from the scale, and other mixtures made and 
similarly recorded. By such means we can readily deter- 
mine the proportion which gives the densest mortar. If the 
concrete requires a dense strong mortar, samples should be 
used which contain the most Portland Cement, taking care to 
stop short of causing an increase in the volume of mortar. 
Should, however, a very dense or strong mortar not be 
required for the concrete, the proportions are determined 
by one of the samples which contains the least Portland 
Cement, that is sufficiently plastic to give a good bond in 
the concrete. Dense mortar must be used to produce a 
concrete that shall be impervious to water. 

Having, by the foregoing method, determined the pro- 
portions of the mortar, the table on page 37 may be used to 
show the proportion of coarse material which will give 
the maximum density with the minimum of mortar. Thus, 
suppose our mortar is proportioaied i part cement to 2 of 
sand and that our coarse material contains 48% voids, we 
see that to every i c. ft. of cement and 2 c. ft. of sand we 
shall require 4 c. ft. of coarse material. We should, how- 
ever, always add the cement by weight, the unit of measure- 
ment being that i c. ft. of Portland Cement weighs 90 lbs. 
The figures given in the table for the prof>ortions of mor- 
tar, such as I : 3, signify i Portland Cement, 3 sand. 

Concrete proportioned in this way will not only show 
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greater strength than by a haphazard system of specifying 
arbitrary proportions, but will also require far less Poft- 
land Cement. As the strength of concrete depends chiefly 
upon securing maximum density the variations in strength 
are not very great when concretes are uniformly dense ; 
thus a concrete made with proportions i part Portland 
Cement, 3^ parts sand, and 10 parts coarse material, 
may, if the quantities of material are carefully graded, be 
as strong as a concrete made with i part Portland Cement, 
3 parts sand, and 6 parts coarse material, not so carefully 
graded. Good mixing is absolutely essential, and it is best 
to use a machine mixer wherever the work is large enough 
to warrant it. 

IMPORTANCE OF CARE IN PROPORTIONING. 

That care should be exercised in proportioning con- 
crete is shown by the following data. The use of too 
much sand is as bad as the use of too little. Suppose, 
for instance, we have a sand with 45% voids, and 
a stone having 40% voids, tf we just fill the voids 
of the stone with sand it is easy to calculate that 
the resultant mass would have 18% of voids ; but, supposing 
we have 10% excess of sand, there will be 10% of material 
having 45% of voids and 90% having 18% of voids, which 
will mean that there will be 2.7% more voids in the resultant 
mass. It will be found in some cases that by carefully 
proportioning the ingredients of a concrete, an excellent 
admixture can be obtained with proportions of about 1 
cement, 3 sand and 7 of coarse material, whereas the usual 
admixture, which in certain circumstances would serve no 
better purpose, would be, i cement, 2 sand and 4 of coarse 
material. This would mean that 30% more cement would 
be required, and, as the Portland Cement is the most ex- 
pensive ingredient, the deduction is obvious. 

PROPORTIONS USUALLY ADOPTED. 

Much of the concrete work in England is done with 
predetermined proportions. For reinforced concrete work 
where very good concrete is required, the proportions are 
usually I of Portland Cement to 2 of sand to 4 of coarse 
material. For a medium quality concrete, such as is used 
for foundations, walls, arches, ordinary floors and stairs, 
the proportions should be i : 2J 15. For heavy walls. 
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retaining walls, piers and abutments which are subjected 
to considerable strain, the concrete can, however, be 
poorer, i 13 : 6. Wherever concrete is employed in large 
masses and is subjected to simple compression of small 
intensity, or is used for a backing for brickwork or ma- 
sonry, or for covering the site of a building to prevent the 
damp rising from the soil, a still poorer concrete can be 
used of I : 4 : 8. In such work and in foundations large 
stones (commonly called ** plums '*) can often be placed by 
hand in the mass some little distance apart so as to allow 
them to be surrounded by the concrete ; these economise 
considerably without reducing the strength. 

QUANTITY OF CONCRETE OBTAINED FROM VARIOUS 

PROPORTIONS. 

In estimating the quantity of materials required to 
make a good quality of concrete, the uninitiated often think 
that by mixing say i part Portland Cement, 2 parts sand, and 
4 parts ballast, they will obtain 7 parts by volume of concrete. 
They forget that the sand goes to fill up the voids in the 
coarse material, and the cement to fill the voids in the 
sand, with the result that we are left with very little in- 
crease of volume. There is, however, some slight increase 
on the quantity of the coarse material — that is to say, the 
quantity of concrete obtained is slightly more than the 
quantity of the coarse material entering therein. This 
varies in amount, but may generally be taken to be about 
one-fourteenth,, or 7 per cent, increase upon the bulk of 
the coarse material when the proportions are rich, say 
I 12 14; and one-fortieth, or 2.5 per cent, increase when 
the proportions are poorer, say i : 2J : 5. With very 
poor proportions, i.e., i : 2 : 8 and weaker, there is no 
increase on the bulk of the coarse material. Some values 
for various proportions will be found on p. 54. 

WATER FOR MIXING. 

Water used for admixture with the materials should 
be clean and free from acids or strong alkalis. It should 
also be free from organic impurities. Salt water causes 
Portland Cement to harden very slowly, but there is little 
difference in strength after a time. Very often the bad 
quality of the water affects the strength of the concrete. 
The average quantity of water required for making concrete 
is from 21 to 24 gallons per c. yard of dry materials. 
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THE ESSENTIALS OF GOOD CONCRETE. 

To obtain success in concrete work only the best 
quality artificial Portland Cement should be used. The 
further great essentials are (i) that the materials be 
perfectly clean and sharp, the best of their respective kinds ; 
(2) that they be thoroughly mixed in proportions carefully 
determined, and (3) that the cement be used fresh, or if it 
must be stored, that it be not exposed to the passage 
of moist air. 

MIXING. 

The mixing of concrete should be thorough ; this is as 
important as the proper proportioning of the concrete and 
the use of good materials. All ingredients should be carefully 
measured or weighed. A convenient form of measure for 
the sand and broken stone is a box without top or bottom, 
or a barrel with the bottom and top knocked out may be 
used. It is better to apportion the cement by weight, 
though the size of the measures used for the coarse material 
can be so adjusted as to i>ermit a sack of the cement to be 
taken as the unit for that material. A wheelbarrow of 
known capacity is another unit of measure on small jobs. 
Water may be measured by a pail. To use a hose requires 
some little experience and care on the part of the pefson 
handling it, lest the Portland Cement and sand be washed 
away from the larger parts of the coarse material ; more- 
over the water cannot be measured. 

The concrete should be mixed as near to the place 
where it is to be used as practicable, for if left standing for 
any length of time it may set and become useless. 

No concrete which has begun to set should be allowed 
to be beaten up and re-used under any circumstances what- 
ever. Nevertheless, concrete that has begun to set may be 
treated as a coarse material if mixed with a fresh propor- 
tion of sand and Portland Cement. 

The measured materials should be spread out on a 
clean wooden bench or stage if the mixing is to be done by 
hand. If much mixing is to be done the stage should be 
covered with a thin piece of sheet iron or zinc plate. The 
sand should first be measured and then spread in a layer 
of even thickness. 

l^e Portland Cement should next be distributed over 
the surface of the sand and the whole turned over dry with 
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the shovel until the two materials are seen by the uniform 
colour to be thoroughly mixed. The coarse material should 
now be thrown over the mixture and the whole turned at 
least three times dry and three times after wetting. It is 
better to add the water a little at a time until the right 
consistency is obtained than that it should be thrown on 
all at once. The best manner in which to apply the water 
is by means of a rose-head to a watering-can which must 
be filled from the measured pails. 

It is inadvisable to lay down any definite rule as tu 
the percentage of water to be used in mixing concrete 
owing to the varying conditions which obtain, such as 
weather and the nature of the coarse material and sand 
used in each particular case. The strength of plain con- 
crete increases as the amount of water used in mixing is 
decreased, this being more particularly the case during 
the earlier stages of the maturing of the concrete. 
Eventually the wetter of two mixtures will approach more 
nearly to the drier in strength. Therefore for mass 
concrete it is usual to require that the quantity of water 
added to the other constituents shall be only 
just sufRcient to bring water to the surface after 
thorough ramming, which ramming should make the mass 
quiver. In reinforced concrete, particularly in such portions 
as may contain a large amount of reinforcing bars or the 
like placed closely together, it is essential that the concrete 
should be sufficiently wet to pass between the reinforcing 
bars and to thoroughly surround every portion of the steel, 
though not so wet as to allow any dripping of the cement, 
water and sand. This should be ensured even at the 
expense of having the concrete wetter than would 
otherwise be desirable. Where the reinforcement is 
not very closely spaced it is unnecessary for the concrete 
to be so wet. In dry or hot weather the quantity of water 
should be increased in order to allow for evaporation. 
Other conditions being the same the drier the concrete the 
more quickly will it set and mature. This is of import- 
ance when there is any danger of green concrete being 
attacked by frost. The wetter the concrete the greater is 
the tendency to contract during the process of setting and 
maturing. Appreciable contraction may sometimes con- 
tinue for a period of years. 
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When the job is sufficiently large to warrant the out- 
lay, concrete is much better and more economically mixed 
by machines than by hand. There are several of these on 
the market, six of which are illustrated in Figs, to to 15. 
The best mixers are 
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materials should be 
spread dry on a stage as tpr hand mixing, and shovelled 
into the mixer, the water being applied by means of a hose 
connected to the mixer as the materials fall through it. 
TESTING CONCRETE. 
Rigorous tests arc now imposed upon cement and steel, 
so that these materials which enter into concrete and rein- 
forced concrete shall be of uniform quality, and the value 
and importance of such tests are everywhere recognised. 
It should be clearly understood that it is just as important 
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to test the other ingredients — the sand, coarse material 
and water — and also the concrete itself. The cost of such 
tests is well repaid by the superior quality of the work, 
the reduction of risk of accident, and the saving in cost 
that can be effected following the results of such careful 
study. Tests on the concrete are found to have a decided 
effect upon the quality of the workmanship, the men on 
the works learning thereby how to improve and secure the 
best results. 

The following are recommendations upon this matter 
of the Tests Standing Committee of the Concrete Insti- 
tute ; and if even the minimum series of tests be considered 
too expensive and too much a counsel of perfection, it is 
better to follow them however little than not to test at 
all:— 

For the purpose of ascertaining the crushing resist- 
ance of concrete the following particulars shall be com- 
plied with : — 

(o) All test pieces shall be 4-in. or 6-in. cube. 

(b) Number of test specimens for each test shall be six. 

(c) Three cubes shall be made in the laboratory and 

three for each test shall be made on the works. 

(d) The cement for each series of cubes shall be taken 

from the same consignment. 

(e) All laboratory-made test cubes shall be made as far 

as possible on practical lines, so that the results 
of the tests shall be such as can be reasonably 
expected from concrete in the actual work with 
proper care and attention. 

(/) Specimen cubes from the works shall be made with 
concrete taken from the actual mixing platform ; 
the concrete used for the specimen cubes shall be 
taken from the various batches of concrete pre- 
pared for use in the works. 

(g) In all cases specimen pieces shall be made in metal 
moulds, and the concrete worked in by ** pun- 
ning *' and ** tamping,*' being afterwards gently 
rammed. 

The following particulars shall be taken or ascertained 
of the materials used in the test specimens of the con- 
crete : — 
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(a) All cement should be tested and analysed in ac- 
cordance with the Engineering Standards Com- 
mittee's latest specification. The Tests Standing 
Committee of the Concrete Institute strongly 
recommends that in addition the crushing strength 
of the cement should be ascertained in the follow- 
ing manner : — Cubes mixed in the proportion of 
3 parts of standard sand to i part of cement, by 
weight, shall be made up and treated in all re- 
spects similar to briquettes of sand and cement 
for the tensile test, but the test specimens for 
crushing to be 3 in. cubes. The crushing strength 
shall not be less than ten times the tensile strength 
at 28 days required by the British Standard Speci- 
fication. 

{b) The coarse material and sand for the laboratory 
tests, which is to be taken from bulk as delivered 
to the works, shall be sieved to the following 
degrees and the voids ascertained of (i) the whole 
and (2) of each separate grading : — 

Coarse Material. 

To pass an aperture To be retained on an 

of — aperture of — 

f in. by f in. g in. by g in. 

g in. by g in. ^ in. by i in. 

i in. by ^ in. g in. by g in. 

f in. by g in. \ in. by \ in. 

Sand. 

To pass an aperture To be retained on an 

of — aperture of — 

J in. by \ in. } in. by J in. 

i in. by J in. ^ in. by A i». 

A >»• hy A i"- A in- by ^ in. 

A in- hy A »"• ^ in- hy ^ in. 

(c) The proportion of each grading to the whole. 

(d) The sp>ecific gravity of the coarse material and sand. 

(e) The exact dimensions of specimen cubes. 

(/) The weight per cubic foot of all specimens immedi- 
ately before testing. 

(g) The testing of concrete specimens shall be con- 
ducted on three laboratory specimens, and three 
specimens made on the work (see previous Clause), 
and shall be tested at the following periods : — 
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All specimens shall be kept in air after mixing and 
slightly damped for the first seven days. 

All cubes made up on the works shall be forwarded to 
the laboratory on the fifth day. 

After the expiration of 7 days specimens shall be kept 
under cover for the purpose only of protection from the 
direct action of rain and direct sunrays. 

The Committee is of opinion that for the purpose of 
providing for the cost of testing a provisional sum should be 
included in all contracts where such testing will be required, 
this being the most satisfactory and fairest way to all parlies 
concerned. 



EFFECT OF FROST AND PREVENTION OF FREEZING. 

The execution of concrete work in frosty weather should 
be avoided as far as possible, as frost prevents the bonding 
of the different, layers, and often causes a thin scale to peel 
off the surface. When the work is urgent and cannot be 
delayed an expedient that is often adopted is to add to the 
water i % by weight of salt for every degree Fahr. below 
the freezing point. 

On some jobs in the United States the man regulating 
the quantity of the salt carries a potato in his pocket and 
mixes the salt with the water for gauging until the potato 
just floats, when he knows the proportion is correct. A 
potato has a specific gravity of about 1.08, and an 8% solu- 
tion of salt and tap water has a specific gravity of 1.082, 
which will float a f>otato. The specific gravity of sea water 
is about 1.027. Salt, however, delays the hardening and 
retards the development of strength. In connection with 
reinforced concrete exposed to the weather and where there 
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is risk o£ electrolytic action fresh water should always be 
used to avoid the hygroscopic action of salt which keeps 
the concrete damp. 

Another method is to mix warm sand and stone with 
the cement and water in such manner as to bring the 
temperature of the entire mixture to about 75 deg. Fahr., 
protecting it from the air in the early stages of the setting. 
The water may be heated also. During the erection of a 
building for the Foster-Armstrong Company, Ltd., at 
Rochester, N.Y., the water was heated to about 90 deg. 
Fahr., and salt added in about the proportion of 1.6 lbs. 
per c. ft. of Portland Cement. The water was heated by 
passing live steam through perforated pipes in storage 
tanks, and the sand and gravel were heated in the storage 
bins by means of steam pipes and hot air pipes. Each part 
of the building too, as it was constructed, was housed in 
by a temporary structure of timber and canvas, the open 
sides being enclosed by canvas curtains, and the floors 
covered with timber shutters. The space enclosed by this 
housing was heated by coke fires and braziers, and by 
means of steam pipes from a central boiler, live steam 
being discharged into the spaces between the housing and 
the concrete. The temperature in the enclosed spaces was 
kept to about 80 deg. Fahr. below the floors, and about 
40 deg. Fahr. in the spaces between the top of the floor and 
its board covering. The temperature of the concrete 
should, however, not be raised beyond summer heat or 
permanent injury may be done. 

In the United Kingdom it is not often that frost is so 
severe or so prolonged as to necessitate the extra cost of 
such arrangements. It is usually possible to wait; but in 
urgent cases the adoption of these or similar measures will 
permit the work to be carried on during frost. When they 
are adopted, however, it is wise to assume a reduction of 
25% in the normal strength. 

Where concrete has been exposed to the action of 
frost, the frost being so severe as to cause expansion of 
the concrete through the swelling of the water contained 
therein, this concrete would not again return to its original 
position, nor would it make a satisfactory job, and under 
these conditions there would appear to be no alternative 
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but to remove the faulty portions, replacing with a fresh 
batch. In the ordinary course, however, where proper 
care is taken to protect the concrete, the effect of low 
temperatures is not likely to be permanent, and the concrete 
will develop its normal hardening^ upon the return of more 
favourable temperature conditions. It should be noted that 
any temperature below 39 degrees Fahr. practically arrests 
the setting action of cement, that is, even when 7 degrees 
above freezing point. 

CRACKS IN CONCRETE. 

The appearance of concrete surfaces is often some- 
what disfigured by a number of small cracks^, known as 
hair-cracks, this name being given because of their fineness, 
resembling mete lines the width of a hair on the surface. A 
mistake is often made in calling these " air " cracks. 
The mere fact of concrete drying in air does not always 
produce cracks. Hair-cracks are entirely on the surface, 
and do not indicate weakness in the concrete ; they are more 
apparent on a cast or finely trowelled face than on a rough 
floated surface, that is to say, upon a surface that has 
been smoothed over finely with a metal trowel than upon a 
surface that has only been rubbed over with a wooden 
or cork trowel-like tool called a float. The crazing of the 
surface in this way appears to be due to the cement skin 
which is brought to the surface by this fine trowelling with 
a metal trowel. Cast concrete which has been mixed fairly 
wet is likewise more apt to show hair-cracks than a dry mix- 
ture, the reason being that in wet concrete a portion of the 
flour or very finest particles of the cement is carried to 
the surfaces by the action of excess moisture so forming 
a richer mortar on the surfaces than is obtained in the 
body of the concrete. The coating of practically neat 
cement that is obtained in these ways, exhibits the same 
characteristics as neat cement mortar, which is much more 
liable to crazing than mortar containing a proportion of 
sand. Neat cement if made into test pats for laboratory pur- 
poses, and exposed to a current of air, will sometimes exhibit 
these hair-cracks, whereas, if protected in a moist closet 
during setting, and afterwards immersed in water for a period 
of at least 28 days, no hair-cracks will result. A somewhat 

F 
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similar treatment for keeping concrete wet for some timd 
would have the same effect in eliminating hair-cracking. 
If the concrete be exposed to the sun it will craze if it has a 
very fine finish, the reason being unequal expansion between 
the surface and the body of the concrete under sudden 
changes in temperature ; the sun, for instance, will warm 
the blocks of concrete considerably and then suddenly when 
the sun is hidden and a cold wind is blowing, or possibly at 
nightfall when there is a sudden drop in temperature, the 
interior remains for a time unaffected. Naturally the 
surface must crack under such conditions, but the crazing 
is only in the neat cement finish, and docs not penetrate 
to any depth, only the depth, practically, of a hair. 

Another method is to remove the thin cement skin from 
the face ; this may be done either (i) by brushing the surface 
with a stiff steel wire brush, (2) by scrubbing the surface 
with a block of concrete and wet sand, (3) by using a sand 
blast, or (4) by washing with a 20 per cent, solution of hydro- 
chloric acid (known commonly as ** spirits of salts "). The 
brushing or scrubbing, although it is of considerable as- 
sistance, requires to be supplemented by keeping the surface 
thoroughly and continuously wet for as long as possible. 
This is one of the troubles in laying cement pavements 
in situ where traffic is to pass over in a short period ; such 
pavements may exhibit a great deal of contraction after 
hardening in air, as it is difficult to keep the surface wet. 
The hair-crack trouble, how«ver, does not matter in con- 
nection with concrete pavements, because the cement skin 
is soon removed, but the joints in the slabs will open wider, 
and the edges of the slab may, perhaps, rise. The surface 
in many cases can be kept damp by putting a layer of sand 
over it, or by hanging cloths over vertical surfaces, the 
sand or cloths being kept wet. 

Cracks larger than those above referred to are caused 
by expansion and contraction, and in long walls or large 
surfaces of concrete they should be prevented, eithor 
by providing joints or by reinforcing the walls with 
steel rods or wire. A joint may easily be formed 
by placing a board between the two sections of the 
concrete. This board may be greased and withdrawn just 
as the concrete is setting and the cavity filled with sand. 
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Another method is to insert two or more * thicknesses of 
tarred paper between the sections of the work, this being 
left in the concrete. In plain concrete it is advisable for 
joints to be not further apart than 4 ft. in paving, 10 ft. 
in curtain walls, 15 to 20 ft. in exposed retaining walls, 
and 50 ft. in unexposed retaining walls, dock walls and 
dams. 

Experiments have proved conclusively that neat cement 
slightly contracts when hardening in air, and that neat 
cement when hardening in water shows a slight expansion. 
Mortars of cement and sand show the same effects, but in 
a much less degree. The following results have been ob- 
tained from experiments on expansion and contraction of 
neat cement, mortar and concrete : — 

Neat Portland Cement hardened in air at the end of 

sixteen weeks shows a 0.15 per cent, contraction. 
One to three mortar hardened in air at the end of 

sixteen weeks shows a 0.05 per cent, contraction. 
1:2:4 shingle concrete hardened in air at end of 21 

weeks shows a 0.05 per cent, contraction. 
Neat Portland Cement hardened under water at the end 

of .sixteen weeks shows an expansion of 0.05 per 

cent. 
One to three mortar hardened under water at the end 

of sixteen weeks shows an expansion of 0.015 per 

cent. 
1:2:4 shingle concrete kept m^t at end of 21 weeKs 

shows a 0.02 per cent expansion. 

For shorter periods than sixteen weeks the figures 
would, of course, be reduced, and the expansion and con- 
traction would be a trifle greater if a longer period ensued, 
but the chief movement occurs in a period of thirteen weeks. 

The contraction of concrete in hardening and under 
changes of temperature is considerable, and may cause 
the concrete to crack at irregular distances and open up 
widely. If a concrete surface is required to appear mono- 
lithic it needs a certain amount of steel or iron, not for the 
purpose of resisting the tension caused by contraction, but 
to overcome the tensile strength of the concrete and crack 
it uniformly throughout the length, in which case the cracks ' 
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will be so small as to be invisible to the unaided eye. The 
whole of such reinforced surface should be laid at one 
operation. The ratio of steel introduced should be at least 
.005 of the sectional area of the concrete each way, and 
the more this is distributed throughout the concrete, the 
more efficient service does it render. For this reason it is 
preferable that the metal should be in small sections and 
arranged in meshlike form, a layer being placed near each 
face. Where the length is the only direction in which 
trouble may occur, vertical reinforcement is not required, 
so that rods placed longitudinally in the wall suffice, and 
are more economical. In arches and paving slabs of large 
area, linings to reservoirs, etc., meshwork or a lattice 
formed with rods of small section is needed. Perforated 
metal is also used for such purposes. Sharp angles should 
be avoided, or if used well reinforced by bars placed 
diagonally across them. There is very frequently more 
reason to ascribe cracks to the permanent contraction of 
the concrete referred to above than to temperature changes, 
but in some climates the variation in temperature is suffi- 
cient to cause cracks, and even if reinforcement be pro- 
vided it would be well to insert expansion and contraction 
joints every 50 feet. Concrete exposed to water does not 
shrink in setting and hardening, so that concrete linings 
and Walls of ponds, tanks, etc., are only cracked by 
changes of temperature between summer and winter. If 
they be of plain concrete joints every 15 ft. are desirable ; 
if of reinforced concrete the joints may be 50 ft. apart, 
though it would be preferable to have them closer. 
Asphalt dowels may be inserted in the joints in order to 
prevent percolation. 

Cracks sometimes occur by weakness in design and 
construction, such as by settlement in the foundations, too 
high a stress in the reinforcement, too shallow beams of 
reinforced concrete resulting in excessive deflection, too 
early and careless removal of forms, weak forms and 
early drying of their timber resulting in straining the work 
by shrinkage, insufficient allowance for the monolithic 
nature of concrete and reinforced concrete work and the 
effects of irregular loading, and inadequate bond between 
concrete and steel due to spacing the reinforcements too 
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close, using too dry a mixture and insuflicient tamping, and 
omission of hooks to ends of rods. 

ESTIMATING THE COST OF CONCRETE WORK. 

In estimating the cost of concrete work, many factors 
have to be considered. The cost of timbering for the 
centering is one. Forms or moulds may be expensive, 
while the value of labour may be' low, and, of course, on 
the other hand, in another district the opposite may be 
the case. Then, again, the nature of the work differs so 
greatly in the amount of labour necessary for placing the 
concrete in position and in the purpose which the work is 
to serve, that it is impossible to give any, even approximate, 
figures which would be serviceable. It can be pointed out 
generally, however, that concrete buildings compare very 
favourably in first cost with those of timber, stone, or brick, 
and if their lasting qualities and freedom from the expense 
of repairs and upkeep, as well as their hygienic value, be 
taken into consideration, they will be found much more 
economical. 

The cost of labour in concrete work is small in com- 
parison with other forms of building, as unskilled labour 
only is generally required, under the direction of a skilled 
foreman, or someone who is intelligent enough to follow 
and carry out instructions. In the more elaborate work 
carpenters are the only skilled workmen needed, except 
for the making of moulds for artificial stone, when joiners 
take their place. 

The cost of labour on making the concrete for a rein- 
forced concrete silo belonging to the Associated Portland 
Cement Manufacturers (1900), Ltd., at Swanscombe, in- 
cluding unloading, handling of shingle and cement, receiv- 
ing and discharging from the machine mixer, worked out 
at IS. 7d. per yard cube of solid concrete. 

The timber used for the forms or centering can be 
employed over and over again, and can be finally made use 
of for building roofs, partitions, etc., as the Portland 
Cement that will have filled the pores of the wood and 
adhered to the surface is no detriment. 

A special diagram, No. i, p. 55, has been prepared, 
enabling the cost of the ingredients of concrete to be 
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easily ascertained. The basis cost of the materials is 
expressed in the right and left-hand margins, and the cost 
of each ingredient per c. yard of concrete is given at the 
head and foot of the diagram. Th^ae proportions of two 
kinds of concrete, namely, shingle and broken stone con- 
cretes, are dealt with. 

' From the Table given below the cost of materials per c. 
yard of concrete for various mixtures can be ascertained. 

MATERIALS FOR i C. YD. OF CONCRETE. 

Based on loose cement weighing 90 lbs. per c. ft. with an average 
specific gravity of 3.12 and a c. ft. of loose moist coarse sand weighing 

89 lbs. when dried. 





■ - — * 




rroportioiiR. 


Kind of Coar. e Ma er al. 




I : ij :3 
Do. 

Do. 


Shingle (40% voids) ... 
Broken Stone (45% voids) 

Siiingle 

Broken Stone 


I : 2 : ^ 
Do. 


Shingle 

Broken Stone ... 




I : 2.V : 5 
Do. 


Shingle 

Broken Stone ... 




1:3:6 
Do. 


Shingle... 
Broken Stone ... 




1:4:8 
Do. 


Shingle 

Broken Si one ... 





J.bs. 
Porilaiid 
Conien t 
in 1 c yd. 



666 
697 
610 
640 
520 

548 

430 

450 

364 

383 
280 

294 



Sand 

c. yds. 

in 1 c 3-d. 

•41 

•43 
•42 

•44 

•43 

■45 

•44 
•46 

•45 

•47 
•46 

•48 



material 

c yds. in 

1 c. yd. 

•82 

•86 
•84 
•88 
•86 
•90 
•88 
•92 
•90 

•94 
•92 

•97 



Note. — ^One of our readers, after the publication of the first edition 
of this book, raised the point that according to the above 1.5 cubic 
yards of dry materials are required to make i cubic yard of concrete, 
and if such a large quantity is required, he failed to understand how 
contractors could price concrete 4 : 2 : i, using Thames ballast, at 
19/- and less per cubic yard and make a profit. His practice was to 
assume ij yards of Thames ballast for i cubic yard of concrete, and 
about 1 1 cubic yards of coarse muterial consisting of broken stone or 
screened ballast. The explanation is that the Thames ballast con- 
crete which was referred to is not really proportioned i 12 .'4 but 
I : 4, and the ballast has none of the sand sifted out, so that the voids 
in the shingle are filled, and there is little shrinkage in bulk 
on admi.xture of cement which merely goes to fill some of the voids in 
the sand. There is, however, too much sand in unsifted Thames 
ballast, and the resulting concrete is poor, the voids not being filled 
in a I : 4 mi.xtur9 as there is insufi'icient cement for the purpose. We 
have explained above the effect of an excess of sand. The manner in 



CONCRETE. 



55 









sqo17^^ p uoi 


J9<i |U3Uia2 


1 P' 


JDUJO^j jO 4S02 


) 








V. I 1 1 1 1 ■ 1 ■ 1 1 


.J 
of 

• 




Si 
•if 


\ 
\ 


\ 

V -I 


03 


1 








— 




— 








y , • ■ • • 

^ » • • . • 

■ R 1 1 1 1 






^- T 


\ 


\ 














-k 

V 

■^ 


N 

> 


\ 




> 


\ 












■ 






J 




c 


> 


\ 


\ 










~5 




\ 






\ 


\ 















^N 


\ 




\ 




L 

1 1 


i 


X 

1 


> 


\ 

N 




X 

J 1 


N 


\ 




\ 


\ 


\ 


\ 


U 
-n 












> 


\ 


\ 


^ 


\ 


\ 












9) 




\ 


^ 




V 






\ 






kk^ 


^ 


\ 


\ 

s. 


\ 


\ 
\ 


\, 










1'"^' 




\ 






\ 


s 


\ 


\ 


\ 

s 


^ 




s. 




O 

L 
n 


^ 


.. _. 


n 


1 










\ 




\ 


s^ 


\ 




n: 


^i 


N, 


5s 


1 


i 


fe>. 












\ 




\ 


S, 


■\ 




% 


u 


i- 








\ 


^ 


^ 






. — 









X 


V 


\ 

N; 
















N 


^ 


^ 




o 
















^ 


1 


1 










— 











5 


^ 


>- 


















O 


^^ 


1 


S. 













^ 


' v5 


^ 


— 












1/) 

^3 


J 


Sk 






^ 


"^^ 














i 






n 


"^ 


^ 


^ 


^ 








^ 


^ 






























^ 


N 












s 
































^ 


^ 


^ 




V 
































S^ 


s 


\ 


V 






■ CW 
































s 


^V 


V 


r> 






































^ 


\ 




1 


f ' 


yTb-'?^ib'"5^'^1*r''<V'^ < 


3 



pjoXnO J8C| |DU9|0^ 9SJOOQ pUD puOg jO jSOQ 



V 



o 
U 

X 

'c 



o 

L 
O 

(J 

3 
U 

t- 

n. 

jn 

O 

L 
V 

O 



O 
U 



s 






I 



.2 



56 CONCRETE. 

which some London contractors were able to make a profit at l8/- p<*r 
yard cube is shown from the following method in which they worked 
up the price. The assumption of no shrinkage made in this estimate 
is, however, not strictly accurate. 

4 yards Thames ballast @ 6/-... ...• 24/- 

I ton Portland cement @ 36/- ... 36/- 

Dividc by 4 to obtain cost of i yard ... 4 | 60/- 



J 5/- 
Add labour at 2/- per yard 2/- 

J 7/- 

Profit 10% 1/8 



]8/8 



Where proper scientifically proportioned concrete is employed, as 
should always be the case, the values given in the table on p. 54 are 
accurate and obtained from experience. 



WORKMANSHIP. 

For retaining concrete in place and giving it shape, timber 
centering or moulds are required. These are generally 
Icnown by the term " forms," 

THE BOARDING AND BATTENS, 

The forms are constructed of timber boards and battens 
of small scantling, the battens forming the framing to sup- 
port the boards. The boarding is usually i in., ij in, or 2 in. 
thick. The distance apart of the battens is governed by the 



Fig. IB. Formt Jor loio wall and cellar uall. 

thickness of the boarding selected. The battens should be 
securely braced to withstand the pressure of the soft con- 
crete, and the stress of the ramming and tamping. Tongued 
and grooved or bevel-edged are better than square-edged 
boards, and the first-named is the best for giving a close 
centering, but is seldom used because the tongues and 
grooves are damaged in removing the centering. 

The ij-in. boards are satisfactory for walls, though 
for heavy construction 2 in. is preferable, i-in. boards 
should only be used for small panels of walls. I -in. boards 
are often used for floor centering. For the sides of girders or 
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beams i-in. or li-in. boards are sufficient; for the bottom 
of girders 2-in. boards arc preferable. The forms for 
columns or pillars are usually made of 2-in. plunk. 

In many cases shutters, moulds, tics and struts, and 
collapsible moulds can often with advantage be used again 
and again for a great deal of the work, and forethought in 
this direction is well repaid. Timber ends may be run 
beyond the work they enclose so as to save the waste en- 
tailed by sawing, 

CONSTRUCTION OF FORMS. 

Figs. i6 lo 25, 116, 125, 127, 136, 210, 223, 231 and 261 
show examples of forms for various purposes. In constructing 
such forms the --■'- -'---'-' --- l_ 
driven home, h 
be left out so I 
withdraw the 
hammer, for t 
there is in con- 
nection with 
removing the 
forms from 

green con- 1. 

Crete the bet- 
ter, and there 

will be less ^^^ ^^ ^^ ^^^^ 

timber in re- 
moval if this 
precaution is 
taken. There 
are double- 
headed nails 
now on the 
market 
which may be 
used. Cracks 
and crevices 
in the forms 
should be 
Fig. IB. *'or.n M hollow ,,7.11, ]^\- ^^^ avoided as 

much as possible; if they csist, the concrete will force itself 



WORKMANSHIP. 



59 



therein so as to form projections and roughnesses on the 
surface of the finished work. 



FORMS FOR WALLS. 



Figs. 16 
and 17 show 
forms for 
the construc- 
tion of a low 
foundation or 
cellar wall, 
while r ig. 
18 shows 
a form suit- 
able for the 
construction 
of hollow 
walls. 

Solid 
walls of con- 
crete can be 




Fig. 19. Form for kolid wall. 



AS23 



built with various types of forms. Fig. 19 shows a useful 
type. As soon as a section is completed the bolts are 
loosened, and the slotted form of clamp or brace permits it 

to be readily 
moved up- 
wards. The 
bolts should 
be well 
greased each 
time they are 
used so that 
they may be 
easily with- 
drawn. Fig. 
20 shows a 
form suitable 
for the con- 
struction of a 
heavy wall, 
the ties con- 




AJ2/ 



Fi0. 20. Form for heavy solid wall. 
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sisting of wire twisted to hold the side of the forms 
in place. Two holes are bored on each side of the form and 
a wire passed through them and the ends tied together. A 
piece of wood or a large nail is then used to twist the two 
strands together. To remove the form, the wire is cut at 
the sides and afterwards trimmed off even with wall. 

If the forms for a wall get out of square and the wall 
becomes much out of the perpendicular there is no remedy ; 
it must be rebuilt. 

FORMS FOR GIRDERS, FLOORS, AND POSTS. 

In constructing forms for girders it is preferable to use 
hard wood wedges at top of each strut, as these can be 
loosened for testing if there is any deflection. The wedges 
should be loosened 24 hours in advance of the struts if 
possible. As a rule it is better to use light joists, such 
as 2 in. by 8 in., or 2 in. by 10 in., with frequent shores 
rather than timber which is heavy to handle. In 
ordinary conditions where the concrete is placed in layers, 
experience has shown that the maximum unsupported dis- 
tance for I -in. boards is 2 ft., for i^-in. planks 4 ft., and for 
2-in. planks the studding usually varies from 3 ft. to 
4 ft. 6 in. apart, according to (he character of the work 
and the distance between the braces or walings. 

CENTERING. 

Simplification and standardisation are the ideals to be 
striven for. The constructions should be such as to permit 
the various parts of the forms to be moved independently ; 
thus it should be possible to remove the beam boxes without 
affecting the centering for the slabs in between the beams, 
and it should be possible to remove the column boxes 
without aflfecting any other part of the structure. This can 
be easily arranged as a rule, by providing sufficient struts 
or upright timbers ; it is a mistake to cut these down very 
much. The centering for the slabs is often carried on the 
beam boxes, and these latter in turn on the column boxes, 
but in this case all the parts are dependent on each other, 
and cannot be removed separately. The centers for 
different parts require to be in position for different periods 
of time, which gives the necessity for separation. The up- 
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rights can be used over and over again, so that there is 
no need td cut these down to a minimum ; carefulness or 
ingenuity in the centering should not be displayed by 
reducing these to a minimum so as to provide an un- 
encumbered space below the floor which is in course of 
construction, and if any elaborate work is put into the 
centering the labour cost will be excessive. 

A simple type of form for reinforced concrete construc- 
tion is illustrated in Figs. 21 and 22 ; it will be seen that the 
slab centering is separate, quite independent of the beam 
boxes, and that the column is independent also. By striking 
the folding wedges on top of the crossbars on the uprights, 
which are placed at either side of the secondary beam boxes, 
the slab centering may be removed without affecting the 
beam. The sides of the beam can be taken away indepen- 
dently of the bottom, this being advisable because it enables 
the concrete to dry and harden quicker. The bottoms of 
the beams are carried separately. The uprights are 
stiffened by the bolts, although it should be observed that 
cross bracing is necessary to prevent any movement. The 
column box may also be taken away before the rest 
of the work to enable the mass of concrete at this point to 
harden quicker. 

Fig. 22 shows how the side boards of the beams may 
be made to standard sizes and inserted as fillers to make up 
any required width; this will save a great deal of waste in 
material and labour. Standardisation should not only be 
attempted in framing up the centering, but also in the 
detailing of the beams and other parts ; for instance, the 
sizes of beams should be varied as little as possible from 
floor to floor, so that the same boxes may work in over 
and over again, and likewise with the column boxes. 
It is also well if floor panels and wall panels can be made 
of uniform size, so as to save the cutting of the timber as 
much as possible, which not only means labour, but wasted 
material. There is often too much labour put into the 
centering, carpenters being particularly fond of doing 
elaborate work ; it not only increases the cost of the erection, 
but also entails unnecessary labour in removing. 

In designing centering the great point to bear in mind 
is the removal and re-erection ; it is no use putting up the 
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Croat section through main beam showing elevation of secondary heam. 
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Plan of uprights and column box. 



Fig. 21. A standard typo of form for a concrete floor and columns. 



WORKMANSHIP. 



ff^ 



.... -wr 



S«clian through tttondary beamt. 




Detail ol framino 



rj] -■■' 



''^ nfl 



64 WORKMANSHIP. 

centering so that it cannot be easily removed. Extra 
strength may easily be given by knocking in a few nails 
here and there, but these nails will cause extra labour when 
the centering is removed, and will damage the timber which 
is required to be used again. 

Occasionally metal moulds are employed, or wooden 
moulds metal faced ; in the first case they are expensive, 
and require standard construction so as to render them 
economical by permitting repetition. If thin sheet metal is 
employed there is the great danger of it becoming dented or 
bent or otherwise defaced, so as to give an imperfect 
surface to the concrete, while if the sheet metal is thick and 
strong enough to resist damage, it becomes too heavy and 
unwieldy or expensive to handle in practice. 

The kind of timber employed for forms depends on the 
character of the work, the kind of timber available in the 
locality, and its market price. White pine is the best 
because it is easily worked, and retains its shape when 
exposed to the weather, but as it is somewhat expensive, 
spruce or fir is generally employed, and for very rough work 
hemlock may be used. Timber can be of cheap quality, and 
need not be too well seasoned, because it is likely to swell 
and warp with the application of wet concrete or pre- 
liminary spraying with water ; however, one should not err 
on the other side by having timber too wet, in which event 
joints might open by exposure on the works, and allow the 
cement to wash out if the concrete be rather wet and slushy. 
The timber is best moderately green or partially dry. 

Though stiffness and rigidity in form work is to be 
striven for, it is unnecessary to use heavy boarding, because 
this will require some handling and is expensive; i-in. 
boards are ordinarily sufficient, though they require more 
strutting with supports placed more closely together, but 
these are preferable to employing ij-in. or 2-in. boards in 
an ordinary way. Special circumstances, of course, require 
different treatment. In a large building the centering can 
be used over and over again, and it may be only necessary 
to center one floor completely all over at a time ; when one 
end is finished, the part first constructed may be sufficiently 
set to enable the timber to be removed and re-erected. 

Any holes in the centering should be stopped ; this can 
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be done with clay. If this is not done, not only will 
there be blemishes in the finished surface which will 
require to be chipped off or stopped after the centering is 
removed, but there may be serious loss of strength occa- 
sioned by the cement mortar escaping. 

Where work is required to show a good finish, the 
boards must be planed, but for ordinary work, especially 
where the surface will be plastered afterwards, it is 
customary to use rough boards. To get the timber to 
come away from the concrete readily, the forms are often 
painted with oil, but this is dangerous where steel reinforce- 
ments are employed, because if the oil should get on to 
the steel it will destroy the adhesion between it and the 
concrete. In moulds soft soap, linseed oil, or crude petro- 
leum oil are often employed. For larger finished work 
executed in situ the best plan is to either whitewash the 
boards or lay sheets of oiled paper over them. In an 
ordinary way it is only necessary to wet the forms 
with a hose before puttinj^ the concrete in place; the water 
causes the wood to swell and closes the pores, and prevents 
the wood becoming absorbent so that the cement does not 
work into the timber and cause it to stick to the concrete 
so as to increase the labour of removal. Whatever form 
of protection be adopted it should be done each time the 
boards are used. 

In beams and other surfaces it is well to allow a little 
camber or reverse curvature to allow for the deflection or 
settlement when the concrete is applied and later when the 
forms are removed. J in. camber for every lo ft. of span 
might be allowed in beams. The timber supports between 
bearings may deflect slightly when the concrete is applied 
to them. 

The very greatest care should be paid to seeing that all 
debris is removed from the forms before the concrete is put 
into place. One often finds an amount of sawdust left on 
the centering for floors, and even if swept away it will very 
often be found inside the column boxes. Sometimes 
a carpenter, if he cuts his timber wrongly or has any short 
pieces over, will throw them down the column boxes, which 
appear to him convenient receptacles ; therefore very special 
care should be taken to see that these column boxes are 
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quite clear, and every trace of sawdust, shavings, and chips 
removed. This can be done by leaving out a board at the 
bottom of the column box and putting a hose down from 
the top and washing away any dust, etc., through the 
opening thus provided. A hole is often provided in the 
centering of every bay of flooring so that the sawdust may 
be swept through. 

As regards struts for floor forms the following may be 
taken as the safe strength in lbs. per sq. in. of cross section 
for different sized timber : — 
Length of Strut. "3in.X4in. 4in.X4in. 6in.x6in. 8in.x8in. 
14 ft. 500 700 900 I,IOO\c 

12 ft. 600 800 1,000 1,200 1'^ 

10 ft. 700 900 1,100 1,200 

8 ft. 850 i)050 1,200 1,200 

6 ft. 1,000 1,200 1,200 i,20oy£ 

Bracing both ways will, of course, reduce the unsup- 
ported length in a long strut. In constructing such 
studding upon a concrete floor which is somewhat green, 
timber blocking or planks should be laid underneath the 
ends of the struts. The same precaution should be taken in 
strutting from the soil. As the wood may be crushed if the 
compressive stress be above 700 lbs. per square inch, 
brackets must be inserted or a hard wood plate used when 
this figure is reached. Fig. 22 shows a post form, and 
Fig. 23 is a photograph of post forms in place. 

WEAK: FORMS TO B£ AVOIDED. 

It should be recognised that failures may often be 
attributable to weak forms, and to their too speedy removal 
before the work has hardened. Failure may result as 
readily from such a cause as from imperfect design. As 
any settlement which may take place when the concrete is 
newly made might very probably prove disastrous, the 
forms should be very rigid. 

TIME iTO LEAVE FORMS IN PLACE. 

The time for which forms should be left in place de- 
pends upon the nature of the work and the conditions under 
which the concreting has been done. If the atmosphere 
be damp and the weather rainy and cold, the concrete takes 
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a longer time to set and harden. The time during which 
the form should remain in place for a floor will therefore 
vary from one week under the most favourable circum- 
stances, to six weeks or even longer. 

In warm weather where a floor can be concreted in a 
day or two it would be possible to remove the centering in 
a fortnight, so that one storey every two weeks could he 
completed from the 
same centering ; this 
would often be quite 
fast enough to keep 
pace with the con- 
struction of the walls 
and other work, but 
in most cases suffi- 
cient timber will 
have to be provided 
to center two floors. 
The speed at which 
the work can be 
executed depends 
chiefly upon the 
amount of timber 
employed for cen- 
tering, and if one 
can afford the cost 
o f centering the 
whole of a building 
at once, concrete, 
plain or reinforced, 
beats almost any 
other form of con- 
struction for speed. 

As a general rule 
the centering for 

Fig. S8. Pormi for poiU in poiition. floors, p O S t S , O r 

retaining walls, especially where subjected to pressure from 
earth or water, should not be removed under three weeks, and 
it is safer in any case of doubt to let it stand for four weeks. 
Where there is no strain upon the concrete, 24 hours may 
be sufficient time to leave the centering, or until the con- 
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Crete will withstand the pressure of the thumb without 
indentation. 

Very cold or freezing weather will delay the hardening 
of concrete, so that in ascertaining when to strike centering 
the time of duration of days when the temperature was 
below 39° Fahr. should be deducted from the total number 
of days the concrete has been in place. Ordinary cold and 
rainy weather usually delays the work by about two to three 
weeks. 

CIRCULAR FORMS. 



Fig. U. Circular Jorm. Fig. 2E. Setlfno-niC farm. 

A circular form may be only touched by the concrete 
on one side, as for a solid column or post, or there may be 
an outer and an inner form, one touched on the outside and 
the other on the inside. Fig. 24 shows the latter case — 
namely, a form such as would be used for the construction 
of a silo or cistern. The outer form in this illustration 
would serve alone to construct a solid circular section of 
concrete. 

The way in which the parts of the form frame t<^ether 
is clearly shown. The simplest way in which to make this 
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is to draw a circle of the size of the form desired, lay boards 
round its circumference as shown in Fig. 25, then lightly 
tack these boards together and, using the same radius, 
mark a circle upon them as shown. The boards may then 
be knocked apart and sawn out along the lines marked, 
the pieces being fastened together with fillets as shown in 
Fig. 24. After making two or three of these clamps, the 
boards to give the finished surface are fastened to them, 
these boards being known as lagging. 

Should it be more convenient a section of the circular 
form may be calculated by the following formulae (see Fig. 
26):— 



C-2^/fi^-(R-W^ (I) 
N^VR^^-(fi-//) (5) 




^^ 






\ 






Fig. 26. 

The first formula should be used when the width of 
board is given. The second formula should be used when 
the length of board is given. 

PUTTING CONCRETE IN PLACE. 

There are several points to be observed in putting the 
concrete in place in the forms. General directions re- 
garding the wetness of the concrete have already been re- 
ferred to (see pp. 41 and 42). The concrete should be neither 
very wet nor very dry ; if the former, the Portland Cement 
will be liable to run away from the mixture through the 
cracks between the boarding and leave honeycombed holes 
between the stones; if the latter, the concrete will be poor 
in quality. The con- 
crete should be of just 
the right consistency 
for placing in layers 
of not more than 8 in. 
depth, and tamping 
lightly with a wooden 
or iron rammer, until 

the water shows on ^xq 27. Ordinate irofi harrow. 
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stones are left 



In placing 
concrete in posi- 
tion it should 
not be thrown 
from a height, 
as there is then 
a tendency for 
the larger and 
heavier parts to 
become s e p a - 
rated from the 

Fig. SB. Hnnfome eonirsfe cort. , , , 

remamder o f 
the materials, and the presence of the air renders it less 
compact. 

Figs. 27, 28, and 29 show barrows that will be found 

convenient for hand- 

ling the concrete, 
while Fig. 30 shows 
an ordinary tipping 
truck that runs upon 
rails, and will be 
found advantageous on 
large jobs, but in the 
majority of cases the 
barrow is preferred. 

PLACING CONCRETE IN WATER. 

A great many engineers set their faces against 
laying concrete in 
water, but good 
■ work can be done in 
this way if cars be 
exercised. The con- 
crete is often deposited 
through a long tube 
with its upper end in 
the open air at some 
height above the sur- 
Fiff. 80. TippixB tn-cfc. f^<^e of the Water, and 
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Fig, 81. 

Bottom 
opening 
bucket. 




its lower end at the point where the 
concrete is to be laid. Concrete 
put in place by such methods is 
forced under a pressure far greater 
than is possible with ordinary hand 
ramming. There is no space for voids, 

and no opportunity for 
the entering of air, but 
there is a danger of sepa- 
ration of the cement from 
the other materials unless 
care is taken. The concrete 
never dries out in the 
process of hardening, so 
that concrete laid in this 
way can be of high quality. 
To lay concrete success- 
fully under these conditions 
the water should be quite 
stilly and any movement 
in the water should be 
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stopped by sheeting, so as to divide into compartments the 
place where the concrete is being deposited. 

Concrete is more usually deposited under water by 
employing a bucket with doors automatically opening at 
the bottom, as shown in Fig. 31. These doors become 
unlatched when the bucket lies on the bottom, and as it is 
pulled up the doors open and the material contained in the 
bucket falls gently into place. Fig. 32 shows another type 
of skip, in which the materials are discharged at the side 
by the withdrawal of a door (D) by the release of rings (A) 
from hooks (B), the various stages of the operation of 
depositing the concrete being shown in the views. The 
materials for such concrete work are often put in the 
buckets quite dry, but of course properly mixed. It is, 
however, better to use what is known as a ** dry " mixture, 
the materials being mixed with a very small amount of 
water. If the water is much agitated top covering doors 
should be provided. 

SURFACING THE CONCRETE. 

In order to obtain a smooth face on the concrete one 
method is to work a spade or thin paddle between the con- 
crete and the sides of the form, moving it to and fro and 
up and down. This forces the large stones of the coarse 
material away from the boarding and brings a coating of 
mortar next thereto, which gives a smooth surface. The 
extra care required in doing this adds a little to the cost 
of the labour, but the trouble and time is generally repaid 
by the better finish of the work, and, indeed, in the saving 
of time and expense otherwise rendered necessary in plas- 
tering cavities and smoothing rough places. Another 
method sometimes adopted is to flush the centering with a 
thin coat of Portland Cement mortar proportioned about 
I part Portland Cement to 2 parts sand. 

SURFACE FINISH. 

The surface finish given to concrete is a matter which 
requires consideration. We have referred to the way in 
which a smooth surface can be obtained by working a 
paddle against the sides of the forms when the concrete is 
placed in position. Some persons, however, object to this 
smooth finish and like to see the coarse material, which is 
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not so monotonous as the plain surface. Figs. 33 to 44 
illustrate surface Rnishe.s for concrete, in which the coarse 



material appears upon the surface. The process consists, 
briedy, in removing the forms as soon as possible while the 



Fig- 34. Pebble Bnd land concrete, with scrubbed turface, compoied of 

1 purl Forlland Cemant, 3 parit aand. and 3 parti A in. while prbblfi. 

^eluol ii«. 

material is still green and friable, and washing and rinsing 
the surface with water ; the film of cement which is formed 
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agiiinst the form is thus removed, and the effect depends, 
of course, upon the character of the coarse material in the 



1 port Portland 



concrete and the uniformity of its distribution in the mix- 
ture. If the concrete has been well mixed the Portland 



Cement fills the voids between the grains of sand, and the 
sand filh the voids between the pebbles or pieces of crushed 
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stone, and the cement Itself is almost invisible or 
face and has little influence on the colour of the \ 



Fig. ST. YeUow bar tand mortar, eompoied of 1 pare Forllond Cement 
and a parM v«lli>u land. Actual $iie. 

A special surface finish can be made quite 
thin, and may differ from the body of the concrete. 



For instance, it may be made with crushed coarse material 
not exceeding J in. in size and applied to the face of the 
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form with a trowel just in advance of the body concrete which 
is rammed into it, so as to ensure an intimate union. This 
finer finish can be made with materials of various colours, 
or coloured by the addition of mineral oxides, according 
to the colour scheme desired. To wash such a surface clean 
a good stiff wire brush is required, and the labour will be 
considerable unless the concrete is very green. If it should 
happen that a part of the face has become too hard for 
washing with a brush, the Portland Cement film may be 
rubbed with a small block* of wood or sandstone. Another 
method, however, of very nearly imitating the washed sur- 
face is to chip with a sharp hammer and wash off with 
spirits of salts diluted with four times its quantity of water. 
The acid should be well rinsed off afterwards. It may be 
advisable to use acid even when the concrete is green enough 
for a wire brush to be effective. 

Where the job is of sufficient size a sand-blast jet 
machine may be used to dress the surface. 

One advantage of such rough surfaces is that no hair- 
cracks appear. 

If a rich concrete be made with broken granite and 
granite sand it can be polished the same as granite and to 
look just like it. 

CONCRETE SHOULD BE KEPT DAMP. 

The concrete when it is in the forms should be pre- 
vented from drying too quickly if the weather be dry or 
windy or the work be done in the sunshine. The surface 
should be protected by a layer of sand, sawdust, straw, grass 
or other material, or in the case of vertical work, by hanging 
cloths kept continually wetted with a hose. Not only is 
this most advantageous to the strength of the concrete, but 
it prevents scaling or cracking, which may occur if the 
interior parts of concrete structures do not dry uniformly 
with the exterior. Concrete should always be kept damp 
as long as possible — namely, throughout the progress of 
the job. Pavements should often be wetted even if ap- 
parently quite hard, and this wetting may advantageously 
be continued once a week for, say, six months. 

WATERPROOFING. 

The waterproofing of concrete consists either in rcn- 
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dering the material itself impervious to water, or in the 
application of some other waterproof material. 

Concrete is often required to retain or keep out water , 
as in the case of water tanks, or the basement waits of 
buildings. If there is any tendency for the concrete to 
crack, owing to changes in temperature, the only way in 
which we can satisfactorily waterproof the concrete is to 
provide some covering material which is elastic. For 
waterworks and similar structures it is best for the flexible 
and elastic waterproofing compound to be embedded in the 
interior of the concrete. There are various flexible water- 
proofing materials. Some consist of a sheet of tar or 
bituminous composition, the bitumen or tar being applied 
to the surface, or impregnated into some fibrous 
material. Another material is thin sheet lead, which 
is generally protected by a covering of fibrous material. 
To prevent the damp rising in a concrete wall roughly made 
with cavities which ought not to be there if the work were 
properly done, layers of slates or tiles are often provided, 
but as these are brittle the cracks will extend right through 
them as the work settles. A layer of neat cement, or one 
of cement to two of sand, is a better damp course, but 
flexible materials are still better, and if sheet materials 
be not used, asphalt may be applied as a layer, which is 
done by plastering the heated asphalt to the part to be pro- 
tected. Where proper provision is made to prevent cracks, 
namely, by using high elastic limit steel reinforcement 
(drawn steel wire conforms to this description) in a ratio of 
.005 of the sectional area of the concrete, we can for general 
purposes do without the use of a flexible coating. In 
calculating the reinforcement, suppose we have a wall six 
inches thick, then, per foot in height of the wall, we have 
a sect'onal area of 6 x 12 = 72 ; the ratio of .005 of this is 
72 X. 005 = .36 sq. in. of steel required for every foot in 
height of the wall. The steel has the effect of neutralising 
the resistance of the concrete, the adhesion being greater 
than the tensional strength of the material, and the concrete 
hangs or sticks on to the steel, instead of holding together 
for some distance and then cracking at intervals. In 
such a case it is only necessary to see that the concrete 
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is uniformly dense, and in the section relating to the mixing 
of the concrete, we have dealt with this point already. 

There are various waterproofing compounds sold for 
admixture with the cement or concrete, but nearly all of 
them have the effect of reducing the strength of the con- 
crete, and are in that respect disadvantageous ; their action 
is merely to fill the cavities in the concrete, but if the 
concrete be properly proportioned and made, these cavities 
should not exist. Many of these materials are finely 
divided lime with the addition of fat in the form of lime soap 
or tallow. The latter, when brought into contact with 
the lime or other alkali in the cement, becomes saponified, 
and this saponified scum fills the pores or cavities in the 
concrete, but such soap can be dissolved by water in time 
and its lasting properties are doubtful. Water tanks are 
often treated with a wash of soft soap, which prevents the 
water oozing through the concrete at first, but after having 
been in " use for a short while it is found that the water 
either deposits vegetation or some other substance within 
the pores which takes the place of the temporary provision 
of soap, or else the continued setting of the cement in the 
presence of water causes internal crystallisation which 
chokes up the pores permanently. 

Some of the compounds, instead of slaked lime, con- 
tain very finely ground Portland Cement with tallow. The 
only function of this substance is to fill the pores in an 
imperfectly proportioned and mixed concrete ; it would be 
cheaper to employ slaked lime or more cement. The 
former has a tendency to produce efflorescence on the con- 
crete. There is another substance, if added in a dry state, 
which may be used, namely, china clay ; as already 
stated, a certain percentage of clay is not always a 
disadvantage, because it serves to fill the pores, and so 
produce a denser concrete. It should be noted that 
the clay is added and therefore does not exist as a 
coating round the coarse material and sand, which has 
been shown to be harmful. If we strive for maximum 
density in the concrete, which, as we have shown before, 
is the way to obtain maximum strength, then we naturally 
obtain a waterproof concrete. It is better to fill the pores 
with cement than with any other substances, because by so 
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doing the increased strength of the concrete more than 
offsets the difference in price. If slaked lime or china clay 
be employed, it should be mixed with the cement in a dry 
state so as to thoroughly permeate the mass. 

The water repelling substances found in the water- 
proofing compounds on the market are deleterious by reason 
of their very nature, which also militates against their 
successful application. When water is added the natural 
tendency is for the particles to be expelled from portions of 
the concrete, and collected into little masses here and tliere ; 
uniform distribution in such circumstances becomes prac- 
tically impossible. Sometimes an endeavour is made to over- 
come this by mixing the substances beforehand and adding 
them in the form of paste or liquid to the mixed concrete, 
but the same objection applies with even stronger force in 
this case, for the particles of solid matter mixed with the 
water do not enter into solution with it, but are merely 
suspended therein ; the liquid, therefore, acts only as a 
vehicle for conveying them into the concrete where they 
become irregularly deposited. 

There have been a few cases of disintegration of con- 
crete by sea water, though there are many examples where 
no such trouble has occurred even when it has been deposited 
under it before setting. The real trouble seems to have been 
a want of density in the concrete so that the sea water could 
penetrate into it, and enable the sulphates in solution to 
react with the lime in the cement and form calcium sulphate, 
which has resulted in a gradual breaking down of the 
concrete. By properly proportioning the concrete to secure 
maximum density this deleterious action can be prevented. 
The evidence of this is conclusive, because everyone knows 
that numerous works have been constructed such as docks, 
and harbours, foreshore protection, promenades, etc., rouncj 
the coasts of countries in all parts of the globe, and the cases 
of any damage or decay are extremely few and far between. 
Where concrete work must be done in situ and exposed 
almost immediately to sea water, or where deposited under 
water, a quick setting cement should be employed. A 
special cement is now being made for this class of work by 
the Associated Portland Cement Manufacturers (1900) Ltd. 
Maximum density is the proper method for rendering 

u 
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concrete waterproof, and this depends on proper propor- 
tioning. As has been shown in the chapter dealing with 
that branch of the subject, there is often a considerable 
proportion of voids in the concrete, and if these be filled, 
the percolation of sea water into the mass is prevented. 

No concrete is absolutely impervious to water, but it 
can be made very nearly impervious, and if sufficient thick- 
ness be provided, very little water will penetrate even under 
considerable pressure; but if the water does percolate 
the pores generally become choked by the continued 
chemical action on the cement, or by the deposit of sub- 
stances originally in solution in the water. If concrete 
should not in itself be impervious, the expansion of the 
water in the pores would injure the concrete in case of frost. 
It should therefore be made as impervious as possible for 
this further reason. 

The addition of small quantities of insoluble 
substances to the concrete in order to fill the 
pores has been recommended by various authorities. 
Prof. Hatt advises the use of a mortar composed 
of I part Portland Cement to 2^ parts bituminous ash, one 
half of the water used for gauging being a 5% solution of 
ground alum, and the other half a 7% solution of soap, the 
alum solution being used first. Cunningham uses powdered 
alum equal to 1% of the combined weight of sand and 
Portland Cement and adds 1% of yellow soap to the water. 
Hawley uses a stock solution of 2 lbs. extract-potash, 5 lbs. 
powdered alum, and 10 quarts of water, the finishing coat 
being made with three quarts of the solution to each batch 
of mortar containing two bags of Portland Cement, the 
mortar being proportioned 2 sand to i Portland Cement, and 
the thickness of the mortar coating being ^ in. Marsh 
advises 21 lbs. soft soap and 12 lbs. alum to 30 gallons of 
water per c. yard of mortar. 

The principle of using alum and soap for mixing with 
the concrete, or applying them in the form of a wash after- 
wards, depends upon the precipitation of an insoluble alum 
soap or hydrate of alumina, or both together. 

Recommendations have been made occasionally that 
oil should be mixed with the concrete for the purpose of 
waterproofing it, but experiments made with 10 per cent. 
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of vaseline, cylinder oil, lard, colza, and cotton seed oil, 
show that the crushing strength is greatly reduced by the 
same, and addition of oil or grease does not produce a 
permanent waterproof concrete. Ten per cent, of some 
animal and vegetable oils will destroy concrete entirely. 

According to Dyckerhoff, the following mixtures will 
be found watertight as soon as set : 
Portland Cement i ; sand i 

Do. I ; do. 2 ; lime paste ^ 

Do. I ; do. 3 ; do. i 

Do. I ; do. 5 ; do. ij 

From the above mixtures one may be chosen which 
offers the required strength and hardness. 

The addition of a small proportion of slaked lime to 
concrete is often made, especially in districts where cement 
is costly and lime is cheaply and readily obtainable. This 
addition in comparatively small quantities has no deleterious 
effect upon the concrete, except as regards strength, pro- 
vided the lime is thoroughly broken down and free from 
unslaked lumps. It makes the mortar or concrete work 
"fatter" or freer, and results in a somewhat lighter 
coloured concrete which is desirable for some purposes, 
and renders the concrete more waterproof at early dates. 

In India a mixture often used for floors is i part of 
slaked lime, 2J parts Portland Cement, 3 parts sand, 4! 
parts of ^-inch broken stone, and 4! parts of J-inch broken 
stone. The sand in this case contains 44 per cent, of voids, 
and the ^-inch and }-inch broken stone 48 per cent. 

Another method of waterproofing is to plaster the sur- 
face of the concrete while it is yet very green with Port- 
land Cement mortar, proportioned i cement to i or 2 of 
sand, using a trowel, and not a wooden float. The metal 
trowel gives a glassy finish, and prevents external pores. 

Water tanks and flat roofs of concrete which appear 
to be somewhat porous can often be rendered quite water- 
tight by applying a couple of coats of pure Portland Cement 
and water mixed as thick as cream, and put on with an 
ordinary whitewash brush. On a flat roof, however, this 
wash could be poured on and swept over with an ordinary 
broom. In a few exceptional cases, perhaps, a third coat 
might be required. 
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The concrete is sometimes painted with an impervious 
materia] such as pitch, tar, and asphalt or rubber paint. 

Another class of waterproofing consists of a kind of 
indurated and coated felt that is flexible and yet impervious 
to water. This may be stuck to the surface of the concrete 
with a bituminous paste, or it may be embedded in the 
concrete. The joints of such sheeting are overlapped and 
stuck together with a paste similar to that used for sticking 
the sheeting to the concrete. Such sheetings are much 
used now for the covering of roofs and the coating of 
elevated water tanks and reservoirs. They are often known 
under the general name of sheet roofings. 

Under the category of sheet coverings, we may also 
refer to the combination roofings much used in the United 
States, consisting of layers of tarred felt or tarred paper 
applied one on top of the other to the thickness of half-a- 
dozen or more layers, each being lapped over the other and 
pasted thereto with pitch or soft bituminous mixtures or 
solutions. 

Another form of lining for reservoirs, covering roofs, 
etc., is to apply asphalt to the surface of the concrete. 
This, however, has to be used hot, and the concrete must 
be dry to prevent the asphalt blowing. The process is 
thoroughly satisfactory. 

PORTLAND CCM£NT PLASTERING. 

In connection with the surface coating of concrete, to 
which reference has already been made, it is necessary to 
further allude to Portland Cement plastering. This may 
be applied either to brickwork or concrete. In either 
case, the surface to which it is to be applied should be 
somewhat rough so as to allow the plaster to adhere. For 
this purpose all the joints of brickwork should be scraped 
out and the surface of the bricks well chipped over with a 
chisel or pointed hammer before plastering. The surface 
of concrete should likewise not be too smooth, and if 
it is not rough and has become hardened and dry it should 
be chipped over with a chisel or hammer. The walls 
should be thoroughly wetted before the plaster is applied, 
otherwise the cement will be deprived of necessary moisture 
and the plastering will be imperfect. Brickwork will re- 
quire more water than will concrete, because it is more 
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porous and more absorbent. The mortar should be mixed 
with as little water as possible, and well worked to produce 
plasticity. It is most important that the plaster shall be 
kept moist until it has thoroughly hardened. 

Neat Portland Cement should not be used for plas- 
tering ; it should be mixed with not less than one part and 
up to four parts of sand ; shrinkage cracks frequently 
appear in a mortar very rich in Portland Cement. 
A weak proportion is preferable to a rich one, so that 3 to i 
is less liable to show cracks and crazing than a mixture of 
2 to I. Where the surface is always damp, and has to 
sustain pressure of water, it may, perhaps, be advisable 
to render the surface with a mixture of i of cement to i of 
sand, but in ordinary circumstances where the plaster dries 
out, I to 3 is the best proportion. 

A cheap form of stucco, which is serviceable enough, is 
made with one part Portland Cement, four parts clean sand, 
and a J part of lime putty. Portland Cement plaster 
may be coloured red by the admixture of a small quantity 
of red oxide of iron, and yellow by yellow ochre. 
To obtain a white plaster, silver sand should be used, and a 
small quantity of powdered whiting added — namely, about 
one-eighth to two parts sand and one part Portland Cement. 
(See ** Colouring of Concrete " p. 112.) 

Hair-cracks, or crazing, as they are technically termed, 
which are too frequently seen on the surface of plastering, 
are often attributable to the Portland Cement being mixed 
with an insufficient proportion of sand. This is dealt with 
in a separate section on p. 49. 

The trowelling of Portland Cement work, although 
advantageous from the point of view of rendering the 
coating waterproof, has a tendency to bring the Portland 
Cement to the face, and it is this thin Portland Cement film 
which crazes. Where possible it is better to leave the plas- 
tering with a surface such as is obtained by the use of a 
wooden float (see Fig. 48). The Portland Cement on the 
face of any plaster work may be removed by a strong solu- 
tion of hydrochloric acid (half water, half acid) applied by 
means of wire brushes. All traces of the acid should be 
afterwards washed off. 

In plastering with ordinary lime plaster, or the special 
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plasters which are now made with Plaster of Paris, it is 
customary to employ a rough layer for the first coat con- 
sisting of a weak mixture of lime and sand, and to finish off 
with a coat of neat plaster to give a fine surface, but with 
cement plaster it is preferable not to finish with cement, 
or, indeed, to trowel the surface so smooth as to bring a 
cement skin to the face. It is best to employ the same 
proportions throughout, consequently, the whole surface 
of the plastering can be brought up at one operation, and 
only one coat is necessary. Provided there is a good key 
to the surface upon which the plastering is to be placed, 
there is no necessity to have the plastering coat of much 
thickness, it can be } inch thick in many cases, though it 
is often made f inch thick. 

In plastering a surface it is usually desired that the 
work should be perpendicular and level throughout so that 
it is necessary to have some guide to which the plaster can 
be worked. This is obtained by constructing what are 
called screeds. The screeds are bands of plaster which are 
first of all put on the wall ; a dab of mortar is just put at 
points, and a plumb rule laid against it and these dabs 
adjusted to get the plumb vertical, then between these dabs 
a band of mortar is applied with a trowel, and the plumb 
rule scraped against it to make it quite accurate. These 
screeds are continued round the walls, and those first done 
will have set by the time the plasterer is ready to fill in 
between the screeds ; the screeds are placed about 6 ft. 
apart. The plaster is then quickly applied with a trowel 
shoving the material off the hawk, and surfacing it down 
with a darby, both of which tools are shown in Figs. 47 and 
49. The darby is worked in all directions, lengthwise, cross- 
wise, and diagonally, finishing up with a circular motion. 
The surface is best finished with a wooden hand float (Fig. 
48) so as to remain rough and not have the cement worked 
to the face, but where water is to be resisted the surface is 
generally worked with a metal trowel (Fig. 51). 

The same procedure is employed upon ceilings 
and floors, that is to say, screeds are first put in position 
and levelled, and then the intermediate spaces are filled and 
worked over with a straight-edge. With floors, however, 
these screeds often consist of straight or shaped wooden 
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battens, upon which a straight-edge is worked to level the 
material in between these wooden screeds ; these are par- 
ticularly useful in road construction where the surface is 
required to be cambered to give a fall for the removal of 
surface water. It is very harmful to endeavour to obtain 
a glassy finish by repeated trowelling which breaks up the 
initial set of the cement (see notes on paving, p. 174). 

Often cement plaster has to be done on lathing; the 
lathing may be the ordinary wooden laths or metal lathings, 
of which there are several on the market. The timber 
laths should be nailed to studding spaced fairly closely 
together, that is to say, not more than i ft. 6 ins. or 
2 feet apart, and the laths should, if possible, be nailed so 
as to overlap, but very often they are simply nailed with 
joints butting, or the ends are nailed one over the other 
so as to give a straight joint. This, however, may cause 
a crack right along the length where the laths butt. 
Sawn laths give an easier working surface than riven 
laths, but a lath that is riven is stronger because the fibres 
of the wood which are twisted are not divided as in the 
sawn lath, which is often rather short and brittle. For 
nailing these laths, the lath hammer shown in Fig. 46 is 
employed ; the hatchet portion is used for chopping the 
laths off to length, while the notch is for the extraction of 
nails, and the hammer head is for driving the lathing nails. 
A space of about J in. is left between the laths to provide 
a key for the plaster. Stronger laths are required for 
ceilings than for partitions. A bundle of laths contains, 
nominally, 500 feet. Single fir laths arte about ^\ in. 
thick. Lath-and-a-half laths are J in. thick. Double laths 
are about § in. thick. Laths are about ij inches broad. 
A bundle of 3-feet laths and 670 nails, or a bundle of 4-feet 
laths and 625 nails will cover about 5 yds. super. 

Metal lathings have the advantage of being 
fire resisting. Wooden construction such as the 
framing in cheap country dwellings, and timber joist floors, 
can be protected against fire by metal lathings. In such 
cases the laths should be kept at least | in. away from 
the woodwork by an iron furring, and i in. is much 
better. The lathing is set off from the wood by means of 
special attachments, generally by bars woven into or at- 
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tached to the lathing or by means of iron furring consisting 
of bands run through straight or corrugated, J in. or } 
in. wide, set on edge and secured to the woodwork by 
narrow staples driven so as to keep the iron in a vertical 
position, and generally put up before the lathing is applied. 
The furring should be placed at about 12 inch centers 
unless a very stiff lathing is used. Where expanded metal 
is adopted the lathing should be placed so that the long 
way of the mesh will be at right angles to the studding 
or furring strips, as this ensures the greatest rigidity. The 
lathing is secured with staples i in. long, driven about 
5 ins. apart on the stud or joist, or is wired to the metal 
furring. 

ROUGH CAST. 

There has been a revival of recent years in the use of 
what is known as rough cast for the external finish of 
buildings built of brick. The name is derived from the fact 
that the material is cast or dashed on the wall, leaving a 
rough surface. In some districts rough cast is known by 
the name of pebble dashing, and in Scotland it is called 
harling. There is some little distinction, however, between 
pebble dashing and rough cast, as will be explained later. 
Rough cast in the general sense is one of the oldest forms 
of external plastering, and many old houses of the Tudor 
and Stuart periods have the spaces between their timbers 
filled in with rough cast, often upon lathing. These tim- 
ber frame buildings are known generally as of half-timber 
work. Rough cast is a form of plastering that is very 
durable, and many of the old examples are in good 
preservation. 

In the stricter sense rough cast is done by mixing up 
fine shingle with Portland Cement in the proportion of about 
3 parts to I, and using a small wooden implement shaped 
as shown in Fig. 50 to pick up the material and throw it on 
the wall, or it may be applied by means of a plasterer's 
trowel or wooden float similar to Figs. 48 and 51, with 
which the material is scraped off a plasterer's hawk (shown 
in Fig. 47). The danger of using a trowel for the finishing 
coat is that the work may look smeary and too smooth. 
The alternative method of pebble dashing is perhaps 
superior. Pebble dashing is somewhat distinct from rough 
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cast in this respect, that instead of the whole of the material 
being mixed up and thrown on to the wall, the wall is first 
plastered, and then when the plaster is soft pebbles are 
quickly and evenly thrown or dashed upon it with a scoop 
or hollow trowel, and then brushed with cement grout to 
give a uniform tint. It is not necessary that the pebbles 
should be coated with the cement in this process of 
working, although they generally are or else are white- 
washed afterwards. If the surface is required to be 
white and weather resisting — which ordinary white- 
wash is not — powdered chalk or barium sulphate 
should be mixed with the cement grout in the propor- 
tions stated in notes on the colouring of concrete, on page 
112. The dashing should be done gradually, working down- 
wards, taking in all angles and sides of panels. Instead 
of gravel or shingle, other materials may be used for the 
dashing where this is not grouted afterwards and the rough 
material is required to exhibit its own colour, as, for 
instance, coloured glass, broken pottery, spar, and flints, 
which have all been used with good effects. The materials 
for the dashing should range from i in. to } in. in size. 

The rough-cast can, of course, be coloured by mixing 
colours with the cement, as referred to on page 112, and 
the first coat, where pebble dashing is employed, may be 

coloured also. 

DEPETER. 

Depeter is similar to rough cast in so far as it consists 
of forming an even surface with Portland Cement mortar 
and applying rougher materials thereto, but the first coat 
is surfaced with a hand float to give an even and uniform 
surface, and into the soft material are then placed by hand 
small pieces of stone, broken flint, pottery, spar, glass, 
marble, or sea shells. In depeter work bands of ornament 
and panels are often picked out in this way with inter- 
mediate plain surfaces. Good effects can sometimes be 
obtained by combining rough cast and depeter work. 
Margins and panels may often be satisfactorily treated by 
stamping them with special ornamental devices, or by 
stabbing with the stump of a nearly worn out birch broom. 

SGRAFFITO. 

Sgraflito is an Italian word meaning scratched, and 
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the simplest form of sgraffito work is the ornamentation 
of plaster by scratching or incising the surface with tools 
before it is set. The term is, however, more applied to the 
modern use of sgraffito which consists of modelling the 
cement plaster generally in low relief, though there are 
many examples of satisfactory treatment in high relief; 
the latter, however, is more in the nature of modelled 
work and hardly belongs to the category of sgraffito, which 
should be very flat in treatment though it is often combined 
with true sgraffito. This form of ornamenting a surface 
is extensively used abroad, but is not used as much as it 
might be in this country. 

In executing sgraffito, a rough coat of i part Portland 
Cement to 3 parts of sand is applied and finished with a 
roughened surface by stabbing with an old birch broom ; 
this coat should be brought to within about ^ inch of the 
finished face. When dry, a thin coat of cement mixed with 
the desired colouring matter for the background is floated 
over it (bone black is often used for colouring the back- 
ground black, and red ochre and yellow ochre and Antwerp 
blue are also frequently employed). When this surface 
coat is nearly dry, a thin skin of a different cblour is applied, 
and where required, cut away quickly to expose the back- 
ground. Sometimes the background is not obtained in this 
way, but the surface coat is put on and the ornamenting is 
applied on the smooth surface, and the background is after- 
wards coloured by a distemper; the first method is, how- 
ever, the more lasting. 

The outlines of the design are generally given by having 
a cartoon upon which the outline has been pricked through. 
Through the holes in this cartoon the outline is then ob- 
tained by pouncing ; then the cartoon is immediately re- 
moved and the work cut in. It is possible to put two or 
three coloured layers on and cut through to the different 
backgrounds so as to gain differently coloured effects. 

The top coat or coats are generally proportioned ij 
parts of Portland Cement to i part of colour, and laid about 
J in. thick. It will be seen that the sgraffito work, 
strictly, is not modelled, but the surface coat can be 
modelled if desired and even brought out in some relief. 
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COATED SURFACES GENERALLY. 

The foregoing methods of treating brickwork and walls 
of other material's are particularly serviceable for increasing 
the resistance to weather, these methods forming surfaces 
that are much less porous than ordinary stones or bricks. 
The surfaces, too, can be washed, and if much begrimed 
by smoke or fog, can be distempered or limewashed. As 
decorative methods of treatment they are cheap. 

In all three methods where stonework or bricks are 
to be coated with these kinds of cement plastering, the 
mortar joints should be well raked and swept out, and then 
the walls given as much water as they will drink, other- 
wise the moisture will be absorbed from the first coat of 
cement mortar, and it either will not set or will be lacking 
in strength, and come away like so much dry mud or sand. 
The surface of the coarse coat may be well roughened to 
give a good key, and, as mentioned above, this may be 
done by scrubbing with an old broom, though in the ordi- 
nary way it can be scratched over with a piece of stick, and 
if the final coat be put on before the first coat has hardened 
and dried out, a good result may be depended upon. 

CEMENT MORTAR. 

For building strong brickwork and stonework, and for 
making it waterproof, mortar made of Portland Cement 
and sand is used. The remarks made in connection with 
mortar entering into concrete apply to the making of Port- 
land Cement mortar for building brick and stone walls. 
For laying bricks or for grouting* the sand should be 
comparatively fine, while for concrete or coarse mortar it 
should range from fine to coarse. 

The usual proportions for mortar are i part Portland 
Cement to 3 sand, but sometimes i : 2 is used for stronger 
work, and i : 4 for weaker work in brickwork or masonry. 

If a large quantity of sand be added to the Portland 
Cement the mortar will be ** short " and brittle so that it 
will not work well. For many kinds of work a quickly- 
hardening mortar is required, of no great strength, and if 
the mixture only worked well, i of Portland Cement to 5 
of sand would be sufficient ; but, as such a mortar would be 



See page 92. 
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short and adhere imperfectly to the stone or brick, the 
difficulty is overcome by mixing slaked or hydraulic lime 
with the Portland Cement to correct the faults of a mixture 
poor in Portland Cement. Such a mortar is cheap and 
very satisfactory; it hardens rapidly, possesses marked 
hydraulic properties, and obtains great strength on exposure 
to air. 

For face work, where Portland Cement mortar 
is being used, a little lime ** putty '* (made by mixing lime 
with water, passing it through a sieve and leaving it to 
settle and take a thick paste-like form), if added to the 
mortar, will make it work smoothly. The addition of lime 
to Portland Cement mortar increases its adhesive qualities 
and impermeability to water. 

The following proportions by volume are suitable for 
mortars : — 

I Portland Cement, 5 sand, J lime paste 
I M M 6 to 7 sand, i ,, 

' if 99 10 >> 2 ,, 

The method of preparing Portland Cement and lime 
mortar is to mix the sand and cement dry, then prepare 
milk of lime with the necessary quantity of lime paste and 
water, and thoroughly mix and work it up with the mixture 
of sand and cement. 

A mistake frequently made is to mix mortar for brick- 
work very wet, relying upon the bricks to absorb the excess 
of water. It is better to wet the bricks thoroughly and use 
a stiff mortar. 

CEMENT GROUT. 

Pure Portland Cement and rich mixtures of sand and 
cement are used in the form of a watery paste for very 
many purposes ; in that form they are known as grout. 
Brickwork is often specified to be grouted in ; paving 
stones, setts, wood blocks and the like are also generally 
grouted. This grouting consists of the filling of the 
cavities, cracks, joints, etc., by pouring in, brushing in, 
or otherwise forcing such a liquid mixture of cement and 
water, and occasionally sand, into every part. The amount 
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of water which should be used with the cement to make the 
grout, will, of course, vary with the climatic conditions, 
the absorptive nature of the materials it is to be used in 
connection with, and the general nature of the work, so 
that no hard and fast line can be drawn. One need only 
know that it is best to use as little water as possible, having 
regard to getting the grout to penetrate everywhere. 

One can do many useful things with cement grout; 
for instance, one can take a heap of loose stones and pour 
neat cement grout into them so as to make the heap into con- 
crete, it does not matter, even, if the stones are damp 
or partially in water. It may be impossible or inadvisable 
to remove material in an excavation, such as a trench or 
pit in water-logged ground, and in such cases cement grout 
can be poured in, or if there is a great deal of water about, 
the cement sacks may be emptied directly when the water 
will mix therewith and form a grout ; very often this latter 
remedy is adopted by contractors in digging in loose 
ground. It is a really cheap and efficient method of over- 
coming many difficulties of this nature. A few tons of 
cement dumped into a large excavation will stop water 
trouble, the flooding of the excavation and, perhaps, serious 
destruction of already executed work. 

There is another application of neat cement grout 
which must appeal to anyone who is at all interested in 
archaeology, and in the preservation of ancient monumental 
works of architectural beauty and historical record. Our 
poets have assured us that old medieval builders in the 
Gothic period of architecture worked thoroughly and well, 
doing both the seen and unseen with equal care, but facts 
have come to light which show that economy was studied 
in the past even as to-day, and if there were no ** jerry 
builders *' in the past some examples show an undue striving 
for economy. The most noteworthy recent example is 
Peterborough Cathedral, where the beautiful west front 
was a mere facing or outward shell of stone with a 
backing composed of very weak mortar, practically 
sand. When in the reparation of that building stones 
were removed from the front, the sand would often 
run out of the holes for hours. The materials have been 
cemented together and the cavities filled by cement grout 
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pumped in with a force pump. The grouting machine, as 
it is called, has been largely used in this way for the repair 
of many ancient structures. The Auld Brig of Ayr, about 
which Robert Burns wrote so charmingly, was repaired 
recently by its atd, and other noble old stone structures 
have been kept in place by the same means, their 
weakened core or inner construction being strengthened 
by forcing in cement grout. 

The grouting machine has also been used extensively 
in connection with the underground railways. These are 
excavated by means of a steel shield, which is gradually 
forced forward while men take away the material in front 
of it. The radius of the shield is smaller than the cutting 
ring on the face so as to permit the insertion of cast-iron 
sections as the cutting face is carried forward. In putting 
these sections of iron tube in place cavities are left between 
them and the surrounding earth which, if not filled up, 
would be likely to cause settlement in the soil by letting 
water find its way round the tunnel, so gradually 
wearing the hole larger until the material above subsided, 
and, perhaps, caused serious cracking and disturbance to 
the buildings in the streets overhead. To prevent this, 
cement grout is forced into the cavities behind the section. 
Sewers and tunnels are now mainly driven by the use of 
such shields, and in all of them liquid cement grout and the 
grouting machine are employed. 

An interesting application of cement grout was the 
repair of a well in Germany, the water in which was pol- 
luted by infiltration from the upper levels. A drum of 
sheet iron, nearly equal in diameter to the well, was lowered 
to the point where the lining was needed. The annular 
space between the drum and the well shaft was securely 
caulked at the top and the bottom, and liquid cement was 
forced into the space and allowed to set. In this way a 
water-tight lining was produced at very small expense, and 
with great rapidity. 

The damaged masonry in a tunnel has also been re- 
paired in a similar manner by the injection of liquid cement 
under pressure. 

In the case of the well a simple pump was used for 
forcing in the liquid mixture of the cement ; in the case of 
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the tunnel, however, the cement mixture was contained in 
a closed vessel fitted with a deUvery pipe, and an inlet, and 
the cement was forced through the former by means of air 
pressure applied to the latter at 78 lbs. to the square inch. 
f^'£- 4S shows a grouting machine being used for 
filling cracks in old masonry walls; it will be seen to consist 
of an iron cylinder which acts as a receiver or reservoir, 
and by means of pumps, air can be forced under any 
pressure up to 100 lbs. per square inch. This air receiver 
is connected by a flexible tube to the second portion of the 
apparatus called the grouting pan ; this consists of another 
cylinder furnished with a handle and spindle to which are 
attached arms or beaters so as to convert it into a churn, 
the object being to keep the cement and water, and some- 
times sand, which are introduced through the manhole at 
the top, in motion so as to prevent sedimentation and 
separation. The materials are, of course, placed in the 
cylinder in the proper proportions, with sufficient water to 
give the consistency of cream, and the lid is then screwed 
down. This done, the contents are then ready to be forced 
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into the crack, the mouth of which on either side of the 
wall has been clayed up to prevent the grout escaping. 
Compressed air is then admitted to the grouting pan, and 
as soon as the necessary valve is opened, the contents are 
discharged into the wall. 

EFFLORESCENCE ON CONCRETE. 

The most common form of efflorescence on concrete 
walls consists simply of a deposit of calcium carbonate 
either on the surface of the work generally, or, more fre- 
quently, in patches or streaks, particularly at places where 
hair-cracks or minute fissures occur. It has been assumed 
that this form of efflorescence is due to some inferiority of 
the cement, and that it is indicative of underburnt clinker, 
or the presence of free or uncombined lime in the cement. 
This view is quite erroneous, the real cause being simply 
percolation of water into, or through the concrete, whilst 
the latter is still ** green,'* and it is strictly local in its 
action. 

The ** setting '' of Portland Cement is the result of 
chemical reactions, the chief of which is the decomposition 
of a complex calcium silicate which forms the main con- 
stituent of Portland Cement clinker. This compound in 
combination with the water employed for making the mortar 
is converted into a simpler calcium silicate with the 
formation of calcium hydrate, both of which salts crystallise 
to a solid mass, and so determines the ** set.** The calcium 
hydrate thus naturally formed in the ordinary setting of 
Portland Cement is a highly soluble salt, and any water 
percolating through the mass, or trickling along small fis- 
sures in the ** green '* concrete, carries with it to the sur- 
face some of the hydrate in solution. On exposure to air 
this absorbs carbonic anhydride (which is always present 
in the atmosphere), and is converted into calcium carbonate, 
which is deposited on the surface of the work. 

The percolation of water thus described seldom occurs 
after the concrete has aged sufficiently to allow of the 
crystallisation of the hydrate form, because the mass is then 
rendered more dense and impermeable. Even with 
** green ** concrete the efflorescence does not, as a rule, 
proceed very far, because the calcium carbonate deposited 
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on the surface soon fills up or closes the pores in the work 
and thus prevents further action. 

Apart from the question of unsightliness, this form of 
efflorescence is of no consequence, and produces absolutely 
no ill effect on the work. 

There are occasionally other salts which * effloresce 
on the surface of concrete, chiefly alkali salts, as, for 
instance, when silicate of soda has been mixed with the 
cement. In this case the water glass may react with the 
calcium hydrate to form calcium silicate, as the liberated 
alkali becomes carbonated on exposure to air. This form 
of efflorescence usually makes its appearance as the con- 
crete dries out, especially on surfaces exposed to the sun's 
rays. 

Efflorescence of alkaline chlorides and sulphates may also 
occur by direct solution of the salts contained in the coarse 
material, and more especially the sand employed. These 
salts are carried to the surface of the work by capillary 
action and are there deposited by evaporation of the water. 

Walls of brick set in cement mortar often effloresce, 
and, in these cases, the trouble is seldom or never due to 
the mortar, as good sound mortar is usually dense enough 
to resist much percolation. Ordinary clay bricks are pecu- 
liarly liable to effloresce, the soluble salts being contained 
in the clay used in manufacture. The commonest forms of 
efflorescence on bricks are sulphates of lime or magnesia 
derived from the clay ; sulphates of soda and potash possibly 
formed by the reaction of alkaline carbonates with native 
gypsum in the clay ; common salt ; and carbonate of soda. 

In some cases where the bricks are of a specially 
spongey or absorbent nature, the soluble salts may even be 
derived from the soil lying against the foot of the wall. 

To remove whitei efflorescence from the surface of 
concrete, which may be caused by using unwashed gravel 
or sand from the seashore, the salt in which is carried to 
the surface by the exosmose action of the moisture in the 
process of drying out, it is only necessary to wash the 
surface with water. Should the efflorescence reappear, the 
use of a solution of sulphuric acid instead of water will 
make the removal more permanent. This is brought about 
by the acid combining with a portion of the lime salts of 

I 
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the concrete, producing calcium sulphate which would par- 
tially close the surface pores, and thus prevent further salt 
solution being brought to the surface. The extent of the 
application of such acid solution to be efficacious will depend 
upon the character of the concrete and the degree of 
efflorescence, but for general purposes a solution of i volume 
of sulphuric acid (oil of vitriol) in 20 volumes of water, 
equivalent to about i lb. acid in i gallon of water, may be 
recommended. The acid must be added to the water very 
cautiously, with constant stirring, as the heat generated is 
very great and serious accidents may happen if the two 
liquids are carelessly mixed. When cold the solution may 
be used as a wash to remove efflorescence, but to obtain 
the best and most permanent results the treatment should 
not be applied until the concrete has thoroughly hardened — 
some months after the completion of the work. 

PAINTING CEMENT AND CONCRETE SURFACES. 

The difficulty in painting cement or concrete walls and 
other surfaces arises from the fact that Portland Cement 
during the purely chemical action of setting, undergoes a 
change which results in the liberation of free alkali in the 
form of calcium hydrate; the solution of which salt has a 
powerfully destructive action upon colouring matters of an 
organic nature, and even upon many of the mineral pig- 
ments used in the manufacture of paints. In addition to 
this action upon the colouring matter or pigment, by which 
the colour may be wholly or partially discharged or decom- 
posed, calcium hydrate also saponifies the linseed or other 
vegetable oil employed as a vehicle for the pigment ; 
gradually converting the oil into soap and thereby rendering 
it soft and easily removed from the surface of the cement 
wall by accidental abrasion or the effects of dampness. 

Cement or concrete which has become thoroughly 
indurated has little or no effect upon paints, owing to the 
calcium hydrate having become carbonated to a considerable 
extent, and thus rendered inert; but in the large majority 
of cases the work requires to be painted long before indura- 
tion can take place, with the result that the colour is 
destroyed in patches and the work rendered unsightly. 

Numerous methods of overcoming the difficulty have 
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been suggested, some of which are obviously useless, not 
being founded on a true conception of the conditions. 

Two lines of procedure offer the best promise of 
success, and various methods of working in these two 
directions have been submitted to practical trial. 

The broad lines of procedure are (i) coating the cement 
surface with an impervious or waterproof substance before 
applying the paint; and (2) filling the surface pores of the 
cement or concrete with an insoluble deposit produced by 
chemical action, at the same time neutralising the alkali 
on such surface. 

The first method was found to be unreliable. Various 
varnishes composed of resinous and fatty substances, 
although fairly satisfactory when the painted surface was 
kept dry and not exposed to damp or damp air — ^all failed to 
withstand the action of moisture when exposed for 2 or 3 
weeks to the outer air. The use of water-glass and 
other silicates gave no better results, whether the silicates 
were mixed with the cement, or applied to the surface after 
setting ; and a week or two in the open air in all cases 
resulted in the paint being damaged by the discharge of the 
colouring matter in patches. 

Attacking the problem by the second method mentioned, 
a series of experiments was made in which the cement sur« 
face was treated with a 20 per cent, solution of sulphuric 
acid, as is sometimes practised in America. This treat- 
ment neutralises any alkali with which the acid comes in 
contact, at the same time depositing calcium sulphate 
within the pores of the concrete. The method was entirely 
successful with paints made with white lead, red oxide, 
etc., but failed with fugitive colours like greens and blues 
both when exposed to damp air and when kept per- 
fectly dry. It cannot therefore be relied upon in all cases. 

A further series of experiments was made using a wash 
of zinc sulphate in place of dilute acid, with much more 
satisfactory results. The method consists in painting the 
cement surface — 48 hours after rendering — with a 50 per 
cent, solution of zinc sulphate in water, allowing 48 or 
more hours to dry, and then applying the paint in the 
ordinary way. The excess of zinc sulphate is not washed 
off with water as is necessary with acids. The action 
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which takes place results in the combination of zinc sulphate 
with calcium hydrate forming zinc hydroxide and calcium 
sulphate, and when dry the surface pores of the concrete 
are filled with a mixture of calciunl sulphate and zinc oxide, 
neither of which have any action whatever upon the colours 
commonly used in paints. 

Treated in this way, duplicate tests exposed for some 
weeks to damp in the open air, remained unaffected, except 
in one case where a chrome green paint was slightly 
damaged. For inside work the method gave entirely satis- 
factory results. 

It is noteworthy that mixtures of cement and sand 
(i : I and i : 2) gave in all tests, better results than did 
neat cement. 

TOOLS. 

Very few special tools are required for making con- 
crete. Figs. 46 to 51 show plasterers' tools. Fig. 46 is a 
lath hammer. Fig. 47 a hawk, Fig. 48 a float. Fig. 49 i 
darby. Fig. 50 a rough cast dasher, and Fig. 51 a steel 
trowel. The uses of these tools are described on pp. 79- 
82. Fig. 52 shows a jointer used for dividing paving in &itu 
into sections. The projecting edge shown on this tool cuts 
deeply into the concrete, which is easily divided by such a 
tool into sections or oblongs. Fig. 59 shows a roller used 
for a similar purpose. Fig. 53 shows a somewhat similar 
tool to Fig. 52, used for rounding the edges of concrete 
paving. Figs. 54 and 55 show other trowel-like tools for 
forming round corners, while Figs. 56 and 57 show square 
corner smoothing trowels. Fig. 58 shows a boat-pattern 
tool for grooving or forming a gutter in a concrete flat or 
pavement. 

For trowelling the surface of concrete paving it is very 
often customary for the men to kneel, but a special tool 
is supplied whereby this work can be done more conveniently, 
and speedily, without the necessity for kneeling and bending 
over the work ; the tool consists practically of a trowel on 
the end of a long handle, and is shown in Fig. 60. It tilts 
so as to be in action both when pushed forward and pulled 
back. 

An indented roller (Fig. 61), for forming a series of 
indentations in the surface to give a foothold, is also used 
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Fig. 46. 
Lath Hammer, 



Fig, 47. Hawk. 



Fig. 48. Float. 





Fig. 49. Darhy. 




Fig. 60. 
Rough-cast dasher. 





Fig. 51. Plasterer's trowel. 



Fig. 62. Jointer for dividing paving. 




Fig. 63. Tool for rounding edges. 




Fig. 64. Tool for rounding corners. 





Fig. 55. Tool for rounding corners. 



Fig, 66. 
Tool for smoothing square corners. 




Fig. 67. 
Tool for smoothing square corners. 
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for finishing concrete paving or floors. Fig. 62 shows 
another type of fluted roller for impressing straight indenta- 
tions in the concrete, while Fig. 63 shows a smaller roller 
with diagonal flutes for cutting diagonal lines round a border. 
Fig. 64 shows a further development, a border roller which 
cuts two straight crimps and three beads, and is used for 
giving some ornamental finish; the other rollers can, of 
course, be used for the same purpose. Fig. 65 shows another 
style of indenting roller, which gives a surface like Fig. 65 
(a), or if used in cross-rolling gives a rough cast appearance, 
as seen in Fig. 65 (b). Fig. 66 is an impression frame for 
marking small squares in the surface of concrete carriage^ 
ways, stable-yards, or coach-house floors. Instead of using 
such an impression frame the tool shown in Fig. 67 may be 
used which gives indentations some little distance apart, 
or Fig. 68 shows closer spacing, this being known as a 
corrugated roller. By the use of one or two rollers of the 
foregoing patterns with differently spaced ridges, oblongs 
as well as squares may be formed, and also diamonds by 
using the rollers diagonally. Instead of using the indented 
roller with pyramidical teeth, a kind of impression frame or 
block is often employed, such as shown in Fig. 69, which is 
a close pyramid, or Fig. 70, which is more open, and Fig. 
71, which marks the surface out into an octagonal division 
with indents within the interior of the octagon ; the edges 
of the octagon may be cut in deeply by the use of either a 
jointing trowel or rotatory jointer, as shown in Fig. 59, 
which is intended for use in places too small for the 
ordinary trowel-like jointer. 

Of course, stamps are made with reverse lettering so 
as to enable an impression to be made in the concrete 
paving of the name of the firm executing the work or any 
other description. 

On page ^2 we referred to the manner of getting a fine 
finish to vertical work, by means of a wooden blade ; a 
special improved form of such a tool is now made, and 
known as the Ross Concrete Spade, the form of which is 
shown in Fig. "ji. The projections on the surface of this 
spade work the larger particles of the coarse material into 
the centre of the wall, allowing the finer material to come to 
the face; the other side of the tool is quite flat 



104 



WORKMANSHIP. 




O^ 



no. 73. 

Hoi, 



fig. 71. Buth hammer. 
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and works against the centering. A tool that is 
somewhat allied to this is the Andrews Concrete Tamper, 
shown in Fig. 73. This is for finishing a horizontal surface, 
and the teeth upK)n it press the larger particles of the 
coarse material inwards and leave the finer material to 
come to the surface, which is what is wanted for concrete 
fk)ors, pavements, or other horizontal surfaces, especially 
when the surface is to be scrubbed with a wire brush to 
expose the coarse material. 

Fig. 74 shows a tool for dressing the surface of con- 
crete ; it is called a bush or tooling hammer. The 
roughening of the surface by dressing with such a hammer 
gives a pleasing appearance to concrete walls and removes 
the marks of the forms. 

Fig. 75 shows hand tools, and Fig. 76 pneumatic tools 
for giving various finishes to concrete. 

The labour of mixing concrete adequately by hand is 
considerable because the material must not only be lifted 
in the shovel, but the shovel turned over, and often labourers 
to save work will merely lift the material and throw it aside 
without turning it over. The ordinary square-ended type 
of shovel employed is shown in Fig. 77. To secure a fairly 
uniform mixture the material must be turned a considerable 
number of times to get the cement and sand evenly distri- 
buted throughout, and this process is expedited by the use 
of a rake such as shown in Fig. 78. This is used for 
puddling the materials about when mixing is performed 
by hand ; the tines of the rake are wide apart so as to allow 
the larger particles of the coarse material to pass 
between, but the spacing is such as to give some little 
resistance to the immediate passage and the stones are 
pulled about from place to place in the mass, thus causing 
them to take a more even distribution. When making 
cement mortar the ordinary larry as shown in Fig. 79 
is equally serviceable ; a rake in such a case would 
not puddle the material from one part of the mass 
to the other, for, being fine, it would escape through 
the tines ; a solid plate is therefore provided w^ith a hole 
to let the material pass. If the material could not escape 
the labour of hauling the material through the heap would 
be excessive, and thus the mixing would be imperfect. 
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A convenient form of rammer is made by using a short 
piece of joist, but Fig. 80 shows a better one, which is 
easily made. Fig. 81 shows an iron rammer. rhese 
rammers ^re only of service where the concrete is mixed 
fairly dry, and is placed in thin layers. When the concrete 
is wetter they are not very effective, because their use 
simply presses down the material ajt the point of application, 
causing it to swell up in the parts adjoining, and they do 
not eliminate the voids. The proper forms of rammers to 
secure this are more in the nature of tamping or puddling 
irons such as shown in Figs. 83, 84, and 85, which are 
specially useful for tamping between closely-spaced rein- 
forcements. 

In shops which lay themselves out to do moulded work 
a few other tools are sometimes used ; but it is not necessary 
for us to refer to any here, except the wooden beater, 
shown in Fig. 82 and used for ramming the concrete into 
the moulds where an ordinary rammer could not be used. 

In connection with reinforced concrete a few special 
tools are used. Tools for twisting the steel rods in rein- 
forced concrete are useful, and Figs. 86 to 90 show some 
of a general character, the uses of which are obvious. The 
bending machine shown in Fig. 90 is made in several sizes, 
the largest bending single-handed up to ij in. dia. stcd 
rods cold. 
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CO NCR ETE BLOCKS AND 
MOULDED CONCRETE. 



Certain parts of construction and articles can be 
moulded away from the place where they are to be 
used, though the bulk of concrete work is done in situ. 
The advantage of moulding concrete is that one mould can 
be used for several separate articles, with economy of 
labour, time and material. Some little increased expense 
is occasioned" by .transportation, but can be overcome in 
great part by making the moulds conveniently near the 
site. Moulded work, too, is more uniform in quality and 
therefore better than work done in situ^ owing to the 
experience gained by the workman through constantly 
working under the best conditions. 

ARTIFICIAL STONE. 

The following are a few of the articles and parts of 
construction which are moulded : Artificial stone blocks of 
all kinds for sills, cornices, string-courses, plinths, arches, 
lintels, columns, large pillars, capitals, paving-slabs, pipes, 
flower-pots, vases and steps. 

It is usual to make artificial stone with the best quality 
of artificial Portland Cement in rich proportion and with 
various coarse materials, usually, however, of the best kind 
and of superior quality. Strength, uniformity, hydrauli- 
city, lightness and consequent minimising of freight charges 
are thus secured. 

QUICK-SETTING PORTLAND CEMENT. 

A quick-setting Portland Cement is often adopted in 
the manufacture of moulded concrete articles, in order that 
the moulds may be removed quickly and so be fewer In 
number than would be possible with a slow-setting cement. 
Quick-setting Portland Cements are not, however, to be 
looked upon as universally or even generally advisable. 
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MOULDS. 

Moulds are made of wood or metal, the former being 
cheaper and more generally used for artificial stone- 
work where the blocks are large or when comparatively 
few are required. When, however, the moulds have to 
be used many times over, metal is the more lasting material. 
Some of the alloys which have a low melting point and a 
hard surface, such as Delta metal, are particularly service- 
able for making moulds for artificial stonework. Wooden 
moulds should be framed together with wooden braces 
tightened with wedges, and without the use of nails or 
latches, as these become coated with Portland Cement and 
get out of order. 

WET ▼. DRY MIXTURE. 

A wet mixture, if deposited in the moulds by hand 
labour, has not much strength unless properly indurated 
or cured, and unless a plentiful proportion of Portland 
Cement be used. Air-bubbles and holes are apt to form 
upon the moulded face and throughout the block. The 
surface holes may be filled with a thin Portland Cement 
wash, but this has a tendency afterwards to show 
fine hair>cracks. Sometimes the surface is rendered with a 
fairly thick coat of cement mortar, but both methods increase 
the cost. 

To overcome these disadvantages of moulding with a 
wet mixture, the moulds are often shaken by machinery 
with the object of causing the particles of the coarse ma- 
terial to pack themselves more closely and to allow the air 
bubbles to escape. If, however, the mould is shaken at the 
ends, or from all sides, with an up-and-down motion, the 
coarse material and the Portland Cement tend to sift them- 
selves out of their respective places. Shaking tabled, which 
oscillate in all directions, but do not cause the material to 
move other than vertically, have been found successful in 
wedging particles of coarse material together so as to pro- 
duce a very hard and compact concrete without voids. The 
coarse material, too, is forced to the face of the block and 
all air bubbles are removed so that the face is smooth and 
does not need finishing by hand afterwards. This process 
of moulding also enables the concrete to be removed about 
two hours after moulding, so that the moulds can be 
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quickly released. The cost of this is not much greater 
than that of moulding dry concrete by mechanically pressing 
into moulds. 

When a dry mixture is used the concrete is tamped 
either by hand or compacted with a large ram. Where 
reinforcements are used in the mould, either the wet process 
must be employed or the dry process with tamping by hand 
labour. This tamping, too, must be very carefully done 
with small rammers in order to fill every interstice between 
and round the reinforcements. It is impossible to ram 
concrete into a mould with a machine rammer when rein- 
forcements are used. A dry mixture tamped by hand can 
be removed at once provided it is sustained on a base-plate 
of wood or metal. If metal moulds be used this base-plate 
consists of a thin steel or cast-iron plate which is dropped 
into the mould. Where mechanical pressure is used to ram 
the concrete within the mould a very dry mixture is desir- 
able, and the pressure is sufficient to cause the block to 
hold together so that it can be handled immediately without 
using a base-plate, though this is generally employed as a 
safeguard. 

Too dry a mixture for moulded concrete should be 
avoided, as it makes the material too short. It is as well 
for this reason to protect the moulds and to place them in 
water or wet them continually when the concrete has set. 
Porous material, such as broken brick, coke breeze, etc., 
should be well wetted before mixing, and then turned over 
and allowed to drain so that the surface may be damp and 
not wet when required for use. 

The hardening of concrete is often expedited by placing 
moulds in an atmosphere of steam at about 80° Fahr. After 
24 hours the concrete is hard enough to allow the moulds 
to be removed even when of large size. 

Concrete slabs for panel walls, etc., are often 
hardened by pickling them in a bath of silicate of soda 
watered down. For paving slabs the mixture should be 
weak, as otherwise the slabs would be made too slippery. 

COLOURING OF CONCRETE. 

For the colouring of moulded concrete, the colouring 
matters, in proportions depending upon the required shade, 
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should be thoroughly mixed with the dry Portland Cement 
before it is added to the coarse material. The following 
are suitable proportions : Three parts of silver sand to one 
part of the following mixtures : — 

KED. 

86 parts finely- ground Portland Cement 

14 „ red oxide of iron (ferric oxide) 

100 YELLOW. 

88 parts finely-ground Portland Cement 
12 „ yellow ochre 

alternative :— 90 parts finely-ground Portland Cement 



100 10 „ barium chromate 

BLUE. 
86 parts finely-ground Portland Cement 
14 „ azure blue or ultramarine 



100 GREEN. 

90 parts finely-ground Portland Cement 
10 „ oxide of chromium 



100 CHOCOLATE. 

88 parts finely-ground Portland Cement 
6 „ black oxide of manganese 
4 . „ red oxide of iron 
2 „ black o.xide of iron or copper 



100 BLACK. 

90 parts finely-ground Portland Cement 
10 „ black oxide of manganese or any carbon black 



100 WHITE. 

67 parts finely-ground Portland Cement 
33 „ powdered chalk or barium sulphate (common barytes) 



100 PINK. 

97 parts finely-ground Portland Cement 
3 „ best quality crimson lake (alumina base) 



100 



Experiments made to determine what effect these 
colours had upon the setting time of the cement showed 
that ferric oxide, yellow ochre, ultramarine, and chromium 
oxide had little effect, very slightly quickening it, but 
crimson lake made it quick setting and barium chromate 
quickened it very considerably, while manganese oxide, red 
ochre and Chinese red had a slowing effect. (See also 
remarks on the colouring of tiles, etc., given on p. 122.) 
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HOLLOW BLOCKS 

Walts have been built for many years with solid blocks, 
and machines for the manufacture of these were invented 
about thirty years ago; but progress in the use of concrete 
for this purpose has been slow until the last few years, 
during which hollow concrete blocks have come into exten- 
sive use. 

The fundamental principles governing ordinary con- 
crete work apply equally to the manufacture of building 
blocks. To obtain strength and durability the materials 
must be good, and the proportioning correct. The coarse 
material should not be larger than ) in. diameter. 

It is important that hollow concrete blocks should not 
be porous. Portland Cement should be used liberally, and 
the mixture should not be too dry. Although some types 
of machines compress the concrete with a ram, hand- 
tamping gives the best results. The blocks are more 
weather resisting if they 
are faced with a Portland 
Cement mortar consisting 
of about 2 parts sand to i 
of Portland Cemenf,while 
the body of the block may 
be composed of poorer 
concrete. In order 
that the water in the 
newly-built walls may 
dry out and enable the 
building to be more 
quickly occupied it is 
well to delay plastering 
the walls as long as 
possible. To avoid the 
necessity of wetting the 
walls, should cement 
plaster be used intern- 
ally or externally as 
referred to on p. 84, 
the surface of the 
blocks to be plastered 
should be made quite 
rough in manufacture. 
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There are many varieties of shape and size for hollow 
blocks : we illustrate a few in Fig. 91. 

ADVANTAGES OF HOLLOW BLOCKS. 

The advantages claimed for hollow concrete block con- 
struction may be summarised thus : — 

(i) Saving of material over brick or masonry. 

(2) Diminished cost of laying as compared with 

brickwork, due to the fact that the blocks are 
larger and require a smaller number of joints and 
less mortar. 

(3) Greater comparative strength. 

. (4) Convenience and economy of blocks moulded 
to the desired form, as compared with dressed 
stone. 

(5) Resistance to fire. 

(6) More equable temperature of a building, making 

it cool in summer and easily heated in winter, 
while the hollow spaces provide an easy means 
for running pipes and electric wires, and may also 
be used for heating and ventilating flues. 

MACHINES FOR BLOCK MAKING. 

Machines consist, as a rule, of two main types : One in 
which the machinery is stationary and the concrete block 
is removed ; the other in which the machine is moved 
instead of the block. Figs. 92 and 93 show the former, 
and Fig. 94 the latter type. 

The stationary machines for moulding hollow blocks 
belong to either the face-down or the side-face varieties. 
Perfectly satisfactory blocks can be made with cither form 
of machine provided care be taken in the manufacture. As 
the face-plate is generally patterned either with a rock-face, 
hammer-dressed face, or tool-dressed face, in imitation of 
stone, or with a distinctive pattern, it would not be econo- 
mical to use the face-plate as a base-plate. Therefore with 
the face-down machine the block must be turned over, so 
as to come away from the base-plate. Apart from this 
minor detail, it is substantially the same as a side-face 
machine, though slightly more complicated, but it is often 
preferred because it is a little more adapted for putting a 
special facing upon the block. 
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Concrete block machines are mostly worked by hand 
labour, and the tamping Is done by hand. The base-plate 
is first dropped into t'he mould, and is usually hollowed out 
to allow the insertion and the withdrawal of cores which 
form the hollows of the block. These cores are withdrawn 
by means of a lever in the type of machine shown in Figs. 
92 and 93, Where, however, the machine is moved and 
not the block, as in Fig. 94, the cores are separate, and the 



metal base-plate need not be perforated, or, indeed, a 
wooden base may be used. 

The type of machine shown in Fig. 93 is of the 
stationary kind, and turns out hollow blocks measuring 
32 in. by 9 in. by 9 in. or several solid blocks ; it 
can also be used for making special angle blocks for 
bonding the corners of walls. The whole operation of 
releasing the finished blocks, i.e., removing the sides and 
ends of the mould and withdrawing the core, is done by 
the movement of one lever, while to close the mould box 
and replace the core ready for filling is done by a reverse 
movement of the same lever. 

Concrete blocks can often with advantage be made 
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by estate workmen in winter during frosty weather when out- 
side work cannot be carried on, provided the manufacturing 
of the blocks be carried out in some heated building where 
there would be no possibility of frost getting at the blocks 

during '*■- '— • '• -'*— — '-■ — 

Frost i: 
in the 
blocks 
fourtee 
Bl< 
proof 
usual, 



or slaked lime in the following proportions : Port- 
land Cement i} parts, slaked lime } part, sand a parts, 
stone chippings to pass J inch mesh and with the fine left 
in 3 parts. But the better method is to properly grade 
the materials as described on p. 28. 

The machines are usually adapted to making almost 
all sizes and shapes of irregular blocks, by inserting different 
moulds. 

The cost of hollow concrete block work for cottages 
varies from about 3s. 6d. to 4s. 6d. per yard super for 
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lo-in. walls in comparison with 4s. 3d. to 4s. 6d. per yd. 
super for common 9-in. brickwork, and often 15. 6d. per 
yd. super has to be added to the latter figures for facing 
with rough-cast finish on the brickwork, which effect is, 
however, obtainable with the concrete blocks without any 
additional cost by means of the rough-faced moulds. Only 
a skiming coat of plaster instead of the usual three coats 
is required internally. 



Fiff. M. Movablt machitta lor mmtldiag coHcrata blocfct. 
The Style of outer face which is generally favoured is 
known as " rock-faced," although " chiselled " and 
" ashlar " are also often adopted. The face-plate is made 
by casting from an impression taken from an actually 
worked block of stone, so that the imitation of natural stone 
is very close, and with a little experience concrete blocks 
can be made which would deceive the majority of persons 
into the belief that they were stone, except that in a house 
erected with such blocks the uniformity and exact similarity 
of the blocks would show that they had been cast from the 
same mould. Whether this exact imitation of natural 
stone is xsthetically correct is questionable, but if the 
surface be somewhat in the nature of roughly dressed stone, 
i.e., " rock-faced," but does not exactly imitate worked 
stone, there is no esthetic objection thereto. It certainly 
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gives an appearance of strength, breaks up the surface, and 
as all the blocks are exactly alike there is no deception as to 
the material ; but it is possible to avoid every objection and 
secure the appearance of strength by treating the surface 
with a pattern. 

The blocks can be coloured, either by the use of 
mineral oxides, as mentioned on page i la, or the colour may 
be put upon the face by applying a first coating, in the 
form of mortar or stiff grout, to the side of the mould 
which give the outer face of the blocks. In this second 
method the face is often made of a richer quality than the 
concrete l>ehind. This can be perfectly satisfactory, but 
in many cases the concrete face is not thoroughly united 
to the body of the block; and the difference in expansion 
of the two qualities of concrete is sufficient to cause trouble 
in crazing and perhaps flaking. Furthermore, when the 
blocks become wet a mottled appearance may be developed 
on the wall surface. 

SOME FINAL HINTS. 
A warning needs to be given to inexperienced users 
of concrete block machines, for failures have brought con- 
crete blocks into undeserved disfavour in certain quarter.^. 
Very often the materials used are unsuitable ; dirty and 
porous coarse materials, very loamy sand, insufficient cement, 
and bad mixing are fruitful causes of failure, but the chief 
one is the use of 
too dry a mixture 
with the desire to 
save time in mould- 
ing and handling 
and insufficient 
I tamping. Thecon- 

crete should be 
just wet enough to 
hold together 
when squeezed in 
the hand. A really 
wet mixture can- 
not conveniently 
be used as a rule, 

Fig. 96. Concrete brick-makino maehfnfl. UlOUgh it makes a 
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denser concrete in moulds of this type. Dry- 
moulded blocks, ni 
a lesser exient, req 
results. After the 
blocks should be 
thoroughly wet- 
ted with a hose 
for ten minutes 
every morning 
and evening for 
a period of seven 
days, If the 
weather is at. all 
dry they should 
be wetted much 
sooner than 34 
hours. On no 
account should 

the surface of ng. 9B. Contrsle hrick-makinp machin: 

the block be al- 
lowed to get dry. 

CONCRETE BRICKS. 

We have referred above to concrete blocks for the 
building of walls. These belong more to the category cf 
masonry, but there are other forms in which concrete 
can be applied, more in the nature of brickwork of 
any desired size or shape. Such bricks are moulded 
in a machine somewhat in the nature of the block 
machine referred to, but for the sake of economy and 
general convenience several bricks are moulded at one 
operation. Fig. 95 shows one type of machine in which 
the bricks are moulded as one long row, while Fig. 96 shows 
another type in which a group of four or six bricks is 
moulded at once. Both types of machine can be made to 
produce any convenient number in one operation, usually 
ten or twelve. 

The machine shown in Fig. 95 can be obtained of 
various sizes making 5, 10, 20 or 40 bricks at one operation. 
The quantities of bricks turned out by such machines arf 
as follows ; — 
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5 brick machines— i man — 1,200 bricks per day 

5 ditto — 2 men — 2,500 ditto 

10 ditto — I man — 1.500 ditto 

10 ditto — 2 men — 3,500 ditto 

20 ditto — 2 men — 2,000 ditto 

• 20 ditto — 3 men— 6,000 ditto 

40 ditto — 2 men — 4,000 ditto 

40 ditto — 4 men — 8,000 ditto 

40 ditto — 6 men — 12,000 ditto 

The two types illustrated are small hand power 
machines suitable for use on small works ; but steam and 
other power machines can be obtained which have a much 
greater output. In the hand-power machines the bricks 
are rammed or pressed into the moulds much in the same 
manner as tiles or blocks, and by the operation of a lever 
the bricks are turned out of the mould, and can b« removed 
on plates which prevent the edges becoming broken by 
handling. In the larger machines operated by steam or 
other forms of power, such as gas, oil, or petrol engines, 
or electric motor, the bricks are discharged, automatically 
perhaps, on to a travelling conveyor Belt from which they 
need only be taken by hand and stacked. 

Bricks, like tiles, may be given any desired colour, either 
throughout their substance or on the surfaces only. They 
are usually moulded with a frog on one side like clay 
bricks, the frog giving strength by inter-locking and 
binding together the whole where lime mortar is used. But 
if a cement mortar be employed there is no necessity to 
have a frog, because cement mortar will adhere readily to 
the surface of the bricks. It is a simple matter to mould 
any angle bricks or other special shaped bricks, the only 
requisite being a different mould. Just as simple is it to 
produce ornamented bricks, which are often very expensive 
in clay because of the damage done in the drying and 
burning. Concrete bricks have that great advantage over 
clay bricks, and further they are all uniform in colour and 
make, and there are no ** seconds " or ** thirds," or inferior 
qualities as with ordinary burnt clay bricks. Many clay 
bricks contain sulphur, which acts very deleteriously on 
cement mortar and on cement plastering (there have been 
cases where sulphur in the bricks caused the destruction 
of the cement rendering). Many clay bricks do not 
weather well, especially where the air is at all strong. 
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as at seaside resorts and manufacturing towns ; decay 
from such a cause is impossible with a properly made 
cement brick. 

For some situations concrete bricks are used in con- 
nection with clay bricks, as they are by no means so heavy 
in substance ; we refer more especially to the coke-breeze 
fixing brick, which is made of a porous coarse material such 
as small coke, known as ** coke-breeze." This material 
enables one to drive nails into such blocks or bricks, the 
nails having good holding capacity in the material and being 
easily driven. Many clay bricks are too hard for this to be 
done, and though nails may be driven through the joints, 
these cannot always be located — as is the experience of 
every householder — ^so that fixing bricks made of coke- 
breeze and cement are often used in clay brick walls. Though 
hard and strong bricks are to be preferred for walls, some 
of these porous bricks are required where joinery is to be 
fixed, such as window and door frames, skirtings, picture 
rails, and the like. 

PARTITION SLABS. 

Internal walls can be built throughout of such light 
concrete bricks, but it is usual nowadays to employ what 
are known as partition slabs or blocks. These are moulded 
of coke-breeze and the clinker obtained from furnaces of 
public refuse destructors or coal-fed boilers. Pumice stone 
is also employed, slabs of concrete made therewith 
being imported into England. Care should be taken when 
using coke-breeze or clinker to see that they are free from 
deleterious chemicals, otherwise expansion may take place, 
which, if it does not disrupt the concrete, will cause incidental 
troubles. On work of any size it would be well to have the 
material analysed, but in the ordinary way the source of 
supply is generally known, and some experience with the 
material is available. Often there is sufficient time to make 
trial slabs which can be kept for a few weeks, and, perliaps, 
months, to ascertain the effect. Where there is much 
sulphur in the breeze it could be got rid of by weathering 
the material in the open ; in either case, dumping the 
material into water and stirring the same will probably 
remove the source of trouble. Indeed, in using such 
material it would be well to play a good stream of water 
through a hose on the heap of material to remove any ash. 
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to slake any lime, and wash out any dust, organic 
matter, sulphur, or other chemicals. Coke-breeze :ind 
clinker near towns are often very cheap coarse material, and 
for many works are quite suitable, their lightness, porosity;, 
and comparative weakness not being objectionable for 
the particular work in hand. For instance, in respect 
to the holding power for nails above referred to, 
affording a good key to enable plaster to adhere, saving of 
weight both on the foundations and possibly upon beams 
or columns that may have to support the partitions built of 
these blocks, and in absorbing moisture that may be con- 
densed upon the walls from having a warm humid atmos- 
phere on one side and cold on the other such porous ma- 
terials are preferable. The usual sizes obtainable from 
stock are about* i8in. long by i2in. wide, and 2in., 2iin., 
3in., and 4in. thick. The slabs usually have tongued and 
grooved joints or interlock in some way, so as to form a 
rigid and vertical partition or wall. Special curved slabs 
are made for encasing iron or steel columns and stanchions. 
The slabs are sometimes hollow, though more often solid, 
and are cast in moulds or machines similar to those des- 
cribed in this chapter. They will require a skimming coat 
of plaster, or, if used externally, a coat of cement plaster 
or rough cast. Partition and wall slabs and blocks, if 
allowed to get wet will, as explained in a previous chapter, 
contract on drying oiit, so that if they be plastered while 
wet cracks will subsequently appear in the plaster. If they 
must be plastered immediately care should be taken to see 
that they are quite dry before laying. 

CONCRETE ROOFING TILES. 

The manufacture of concrete roofing tiles has been an 
established industry for some years, more especially in 
Germany, and latterly in the U.K. Thin slates are also 
now made with cement and asbestos fibre and give 
excellent results. The tiles are moulded of a mixture of one 
of cement to three of sand, and the moulds are made of any 
desired shape to give plain or ornamental tiles. The 
tiles are also coloured in various shades, red being largely 
favoured ; the red colour is obtained by an admixture of 
oxide of iron, though where a very rich red colour is desired 
a facing of pure cement and colour Is first put into th^ 
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moulds before the mixture of sand and cement is applied 
as a backing. The facing is made of two parts of iron 
oxide to one part of cement, and is in tlie form of a covering 
or wash, which is just poured or brushed into the moulds. 

A system adopted by some manufacturers of concrete 
tiles is to treat them by dusting a mixture of Portland 
Cement and colouring matter on the surface before setting 
takes place, instead of mixing the colours with the bulk i)f 
the concrete. This method would not appear to be applica- 
ble to steps, pavements, or other surfaces subjected to wear, 
although for such articles as tiles it has the advantage of 
giving a nicely coloured surface. 

In order to turn out the work speedily the backing is 
generally mixed rather dry, and pressure is generally used lo 
eliminate any cavities which otherwise might occur. The 
advantage of a dry mixture and pressure is that the tile is 
immediately stout enough to be turned out of the mould and 
stood on a plate, thus releasing the mould, so that with, 
perhaps, four or six moulds on a machine with a rotating 
bed the operation of manufacturing tiles is continuous, one 
man operating the machine, another filling the moulds, and 
a third removing Hip tilps as madp 

Fig. 97 shows a 
such tiles, which 
but with whicf 
mechanically ap- 
plied if desired. 
Such a machine 
is very suitable 
for situations 
where a small 
amount of work 
is to be done, or 
where the cost of 
transport pre- 
cludes the pur- 
chase of these 
tiles from a large 
manufacturer. 

Concrete (iles 
are an ordinary 

CPHimodity now y,-j. 97. Machine for moulding roo^na t,[ei. 
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in most civilised countries, and can often be obtained at less 
cost than the old-fashioned clay tiling. 

Almost any form of tile made in clay can be made in 
concrete, so that great variety is available ; an architect 
can obtain any decorative effect in such patterns, and a 
choice of colours provides a possibility of variation not 
otherwise obtainable. On the Continent some fine effects 
are often obtained by a judicious contrast of colours and 
diaper patterns on roofs of churches and public buildings, 
and such a result can be obtained with concrete tiles. 

With the ordinary flat tiles, in order to prevent rain 
penetrating, the tiles need to overlap so much that there 
are at any point at least two thicknesses. Specially moulded 
tiles are, however, made with a groove on their upper and 
lower surface so that the tiles interlock and prevent rain 
being driven under them. This economises material, and 
by reducing weight also reduces the size of roof timbers 
or other supports. A favoured form of concrete tiling is 
one in which the tiles lie diagonally instead of squarely 
on the roof. 

Fig. 98 shows 
tur^l drnin pipes, 
which can be 
cheaply made of 
concrete, and are 
quite serviceable. 
This is a particularly 
suitable product for 
manufacture on a 
farm, and the hands 
could well be em- 
ployed in the winter 
months in their 
manufacture with 

other articles of f,j,,. js, uachine tor moulding imall pij>n. 
concrete, such as 

drinking and feeding troughs for cattle, fence posts, flower 
and shrub pots and v.ises, paving tiles, and many other 
articles that are suitable for use in the country. The 
machine shown can also be u.sed to manufacture partition 
blocks with tubular hollows th^ein. 
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REINFORCED CONCRETE. 



We have before referred to the principle of reinforcing 
concrete by the embedding of steel in the shape of rods or 
wires of small section ; great advances have been made in 
connection with this branch of the subject in the last few 
yearSy and many matters have been investigated and 
elaborated. For any important work a specialist should 
be consulted, for what might appear to the casual observer 
to be a simple matter Is not really so. The difficulties of 
the subject are not apparent to him, and a little knowledge 
is a dangerous thing. 

It is essential that the steelwork be employed in the 
right quantity and that it be placed in the right position. 
An inch or two out of place may very seriously affect the 
strength, and careless and ignorant workmanship may lead 
to accidents dangerous to life and limb. This more 
especially applies to floors above the ground which may 
collapse during the removal of the centering, or subse- 
quently, under their own weight or when a small load is 
placed on them. 

THE FUNDAMENTAL PRINCIPLE. 

The fundamental principle underlying the various 
applications of reinforced concrete is, that whereas steel is 
extremely strong in tension, concrete is strong in compres- 
sion but comparatively weak in tension. That is to say, 
concrete will resist an enormous crushing load, but it is 
brittle and will break across if loaded as a beam. 

Comparatively, concrete is cheap, whereas steel is dear 
and is moreover subject to corrosion if it be unprotected. 
However, it has been found that the two materials can be 
used in combination to their mutual benefit and with great 
economy. 

Though the concrete usually resists the compression 
and steel the tension, nevertheless steel may occasionally 
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be used to strengthen the concrete in resisting compressive 
stresses. 

Reinforced concrete, which is elastic, possesses material 
properties entirely strange to plain concrete. Whereas the 
latter is brittle, reinforced concrete possesses great elas- 
ticity. It is impossible to depend upon brittle materials, 
as we do not know when they may fail us. We have, 
therefore, to use much smaller unit stresses in connection 
with plain concrete than we can with reinforced concrete. 

Steel and iron had been used for very many years 
in connection with concrete, but usually in the form of large 
sections, which so split up the concrete that the latter did 
not add much strength to the structure. Concrete was 
therefore neglected in considering the strength, and conse- 
quently the steel was calculated to take the whole of the 
stresses, with the result that the concrete was a mere filling 
in the midst of the steel, protecting it, perhaps, against 
corrosion, but not giving service in the proper direction — 
namely, in resisting crushing loads. The fundamental: 
principle of resisting tension with steel, and utilising the 
concrete to resist compressive stresses and to protect the 
steel against corrosion, is now made use of in various parts 
of structures. 

CALCULATIONS. 

A very common objection raised by engineers and 
architects when refusing to adopt reinforced concrete designs 
is that they are obliged to put themselves entirely in the 
hands of specialists, as, even when copies of the calculations 
are furnished, these are of such a special nature as to be 
practically unintelligible to anyone not experienced in this 
class of work. It cannot be disputed that reinforced concrete 
calculations are altogether outside the scope of ordinary 
applied mechanics, but, nevertheless, the fundamental prin- 
ciples are not at all difficult, and can be easily followed by 
anyone who has had a sound technical education. A short 
review of these principles may, therefore, not be out of 
place, as it may overcome, or at least considerably reduce, 
the objections urged above. It cannot, however, be too 
strongly emphasised that the design of reinforced concrete 
structures of any magnitude should only be undertaken by 
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engineers who are experienced in this class of work. The 
notation used is as follows : — 

B = bending moment, 

K — resistance moment. 

W~ total load j>n a beam. 

J> = breadth of beam or slab, 

I = length of span of beam. 

d = depth of beam from centre of steel to compression 
face. 

d^ = thickness of slab in tee beams. 

n = depth from compression face to neutral axis. 

c = maximum compressive stress in concrete. 

t = maximum tensile (or compressive) stress in steel. 

a = arm of resistance couple. 

A = total area of concrete in compression. 

.4'= total area of steel. 

7"= total tension on steel. 

modulus of elasticity of steel 

m= ratio — —— — — -, ^= is 

modulus ol elasticity oi concrete 

S — total shearing force across a section. 

p = pitch or spacing of the stirrups in a beam. 

A,= area of shear reinforcement. 

The tensile strength of con- 
crete must be entirely neglected 
in the following verifications ; __ 
consequently in bodies which are 
only subjected to tensile stresses, 
such as pipes and cylindrical -' 
tanks, having an internal pressure, 
the work done by the reinforce- 
ment must alone be taken into 

consideration. Let us calculate, 

for instance, the working stress 
of the reinforcement of a tank. 
Fig, 99, the diameter of which 
is equal to 30 ft., with a depth of pig, oa. 

* The modulus of Elaslicity of Concreic is here assumed lo be 
3,000,000 lbs. per sq. inch. This is the gcnecall}' accepted value in 
this country. 
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13 ft. 3 in. of water. The circular bars in the lower 

part of the tank are spaced 3 in. apart, and have a diameter 

each of i in. 

'^o 
Tensile strain = 13.25 x 62.28 lbs. x ~- ft. = 12,500 

Section of bars, per foot = 0.784 

x»7 I • . 12,500 

Working stress on bars = — ^ — 

.784 

= 16,000 lbs. per square inch. 

As the tensile strength of concrete cannot be taken into 
account, deflected bodies in reinforced concrete may be 
considered in the following manner : — 

Slabs, or beams not monolithic with a slab^ having 
steel embedded in the lower portion, as at Fig. loi, may be 
considered as a combination of a tension element formed 
by the steel A ^ and a compression element formed by the 
portion of concrete under compression, and represented by 
the shaded area of width b and depth n. The effective 
depth d of this body is equal to the total depth minus the 
small part of the concrete situated below the axis of the 
steel. 

Beams combined with slabs may be considered in the 
following manner : The compression element, Fig. 104, can 
be represented by the shaded area of width b somewhat less 
than the actual width of the slab, and a depth d^ which 
may be either equal to, or less than, the depth n to the 
neutral axis. Here also the height to be taken into con- 
sideration is the total depth minus the part of concrete 
situated underneath the axis of the bars. 

In the case of beams combined with a slab, the total 
width of the slab should not be taken into account, as, 
owing to the elastic nature of the material, the same stress 
cannot be developed in the slab between the beams, as 
occurs immediately over the centre of the beam. 

It is customary to limit the value of b to three-quarters 
the distance between centres of beams, one-third the span 
of beams, or fifteen times the thickness of the slab, which- 
ever is the least. 

Turning now to the stress produced in reinforced concrete 
by direct compression, or by bending, it can be proved that 
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the methods used in calculating the stresses induced in 
homogeneous bodies can be applied to reinforced concrete 
with the following restrictions-: — 

(i) That the concrete cannot be considered as taking 
any tensile stress. 

(2) That the main reinforcing rods can be replaced by 
an imaginary section of concrete m times the area 
of these reinforcing rods, or, expressed otherwise, 
by a section m i4 ^ in accordance with the well- 
recognised law governing the relations of the 
moduli of elasticity of the steel and concrete. 



...1-8— 




Fig. 100. 



DIRECT COMPRESSION. 



In columns, and other reinforced concrete structures 
subject to direct compressive loads, the working stress on 
the concrete and that on the longitudinal bars can be found 
by the following formulae, in which A indicates the section 
of the concrete, A^ the total area of the bars, and P the 
central vertical load. 



c = 



A + (m — i) i4 
/ sa tnc 



A •\- 1^ A^ 
15^ 



Example. — What is the working stress on the concrete 
and on the bars of a square pillar, 20 ins. by 20 ins., with 
a reinforcement of four longitudinal bars, i) in. diameter, 
supporting a load of 100 tons (see Fig. 100). 

L 
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P = loo tons = 224,000 lbs. 

A == 20 ins. X 20 ins. = 400 square inches. 

m-i)A^= 14 X 4 X 0.994 = ^bout 56 square inches. 

224,000 . 

c = — > = 490 lbs. per square inch. 

400 + 56 

t = 15 X 490 = 7,350 lbs. per square inch. 

A great many experiments have been made in various 
parts of the world to determine, if possible, the best rein- 
forcement for concrete columns, and, while no agreement 
has been arrived at between the various authorities, the 
following rules can be relied on to give absolutely safe 
results. 

For longitudinal reinforcement, something between i 
per cent, and 2 per cent, is all that is necessary, and for 
horizontal reinforcement, usually called hooping, from i per 
cent, to I per cent. The hooping may be either in the 
form of a continuous helix, or individual hoops embracing 
the vertical reinforcement. In any case, the vertical distance 
between the hoops should not be greater than the smallest 
diameter of the column. 

For columns whose length does not exceed 20 times 
the least width the allowable compressive stress on the 
concrete should not exceed 500 lbs. per square inch, or 
one-fourth the ultimate strength of the concrete as ascer- 
tained by compression tests on cubes 28 days old, whichever 
is least. In columns of a greater ratio than this, the 
working stress must, however, be reduced, as indicated by 
Rankine's or Euler's formula. 

BENDING. 

The formulae for determining bending moments on 
ordinary structural members are well established and need 
not here be given. In the case of fixed and continuous 
beams, however, it should be noted that partial or irregular 
loading, variation of section (giving a varying moment of 
inertia), settlement or unequal and generally indeterminant 
depression of supports, and partial or complete fixity at 
supports, will materially affect the mathematical determi- 
nation. It is comparatively easy to determine the effect 
of partial loading on the assumption of absolute fixity, 
or absolute freedom, uniform moment of inertia and sup- 
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ports at fixed levels, but the determination of other factors 
is not only tedious but to a large extent open to doubt, 
and in practice, therefore, some approximations must be 
made. 

The following rules are therefore advocated : 
(i) In the case of supposedly fixed beams the bending 
moment shall be determined on the assumption of 
a uniform moment of inertia and supports main- 
tained at assumed levels, and to such bending 
moments at any and every point there shall be 
added : 

(a) Where the moment of inertia is not uniform 
and where the effect of such variation be not 
determined an allowance of 5 per cent.; 

(b) To provide for unequal settlement of sup- 
ports an allowance of 5 per cent.; and 

(c) Where absolute fixity is doubtful a still fur- 
ther allowance of 10 per cent. 

(2) In the case of continuous beams the bending 
moment shall be determined on the assumption 
that continuity does not exist over more than 
three spans, and to such bending moments there 
shall be added : 

(a) Where the moment of inertia is not uniform 
and where the effect of such variation is not 
determined, an allowance of 5 per cent, at any 
and every point. 

(b) To provide for continuity over more than three 
spans where such continuity may exist, an 
allowance of 6 per cent, on the bending mo- 
ments of the dead load and an allowance of 
10 per cent, on the bending moments of the 
superimposed loads about the middle of inter- 
mediate spans, and an allowance of 5 per 
cent, on the bending moments of both the 
dead and superimposed loads about the ad- 
joining supports, but no increase need be made 
about the middle of end spans ; 

(r) To provide for unequal settlement of supports 
a still further allowance of 5 per cent, at anv 
and every point, 
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Very frequently, however, in practice detailed exami- 
nation is not given to such problems, and then the values 
usually adopted are as follows : 

Bending moment about the middle, and at the sup- 
ports of a beam or slab with both ends fixed and a single 
concentrated load at the centre : 

Bending moment on a beam or slab with one end fixed 
and one end freely supported, and the load uniformly dis- 
tributed : 

Wl 
At the fixed end Be = -rp 

o 

Wl 
About the middle Bm = 

™ lO 

Bending moment on a beam or slab with both ends 

fixed, and the load uniformly distributed : 

Wl 
At the ends B. = — 

12 

Wl 
About the middle B™ = — 

12 

Bending moment on a continuous beam or slab of three 
or more spans, and the loads uniformly distributed : 

End spans, about the middle and at the inner support : 

lO 

Intermediate spans, about the middle and at supports : 

12 

Bending moment on continuous beam or slab of two 
spans, and the load uniformly distributed : 

Wl 
About the middle of spans B-. = 

lO 

Wl 
At the central support B^ = -^ 

o 

Reaction on adjoining support from intermediate spans 
in continuous construction R = ,6 W. 

The bending moments upon square or rectangular slabs 
with load uniformly distributed and supported on four 
edges, and reinforced in two directions at right angles to 
each other, should be determined as for slabs rdnforced in 
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one direction only, with the load reduced, however, by 
multiplying it by the following factors : 
For the shorter span, i.e., breadth : 

I 

Fb = 



I + 



^' 



For the longer span, i.e., length : 

I 



1 + 



r 



Where b = breadth or shorter dimension, and 
/ = length or longer dimension. 

Rectangular Beams and Slabs. — ^The position of the 
neutral axis of a rectangular concrete beam, or slab, with 
the reinforcement at the lower surface (see strain diagram, 
Fig. 102), is given by the equation — 

bn X - = mA^ {d - n) 
or solving the quadratic — 



A* I 12 md 6,0 \ 

This can be proved as follows : — 
Total stress on Steel == T 

T 
Stress per unit area = -r 

T 
Strain in Steel = -j— ^ £« = 



AtE, 



Similarly — 

Total stress on Concrete =« T 

. * . Maximum stress per unit area »= 



. • . Maximum strain in Concrete = 



^ bn bn 

2 7 

bn Et 



By proportion — 




2T 




n bnEc 
d-n T 


^ — mAt {d - n) 


A E, 


— 15 At {d - n) 



At (Jy>db \ 
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The depth n of the compressed concrete, or, rather, 

the proportional depth -* depends on the section A^ of 

the bars, when the value attributed to m is given. 

As soon as the value of n has been determined as 
above the value of a that is, the lever-arm of the resisting 
couple, can also be determined, as the centre of the 






I 2T ' 




Fig. 101. 



resistance of the concrete is represented by the centre of 



n 



gravity of the triangle ABC, that is at a distance " from 

3 
BC, Therefore — 



a = d — 



n 
J 



Now, let B be the bending moment and T the total 
thrust, or pull, of the resisting couple, then — 

a 
also the average working stress on the concrete equals 

_ T 
" bu 

bn ^^ abn 



c 



• • :• 



•~ • • 



• • • 



• • • 
• • • 



• • 



• » 



• • 



• • • 



.! ••! 



.• • 



»• » • 
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* m 
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and the working stress on the bars, the section of which 
is At equals 

^ At '^ aAt 

Example. — It is required to find the tension on the 
steel, and the compression on the concrete, in a floor of 
continuous construction, with a span of 8 ft. The floor 
being 4^^ ins. thick, 4 ins. from top to centre of steel, and 
reinforced with 3-f in. diameter rods per foot run (= .33 
square inches per foot run). The load is 180 lbs. per square 
foot. 

Total load = i8o lbs. + 58.5 lbs. (/.tf., weight of floor) 
-« 238*5 lbs. per square foot. 

o Wl 238.5 x8x8xi2 Q uiu 

B = — = ^ "^ «= 18,400 mch-lbs. 

10 10 ^ 

« -^ ^ ( P"" "".gg"" + ^^5 - 15) - 146 

1.46 
a = 4 1- == 3.51 ms. 

The compression on the concrete 

2 B 2 X 18,400 

ahn 3.51 X 12 X 1.46 

The tension on the steel equals 

B 18,400 

'oTt^ 3.51 X -33 
= 16,000 lbs. per square inch. 

In the above example B has been taken as equal to 
- as the slab has been considered as the end span of a 



= 600 lbs. 



Wl 



10 

series continuous over supports; in other words, the slab 
must be capable of resisting reverse flexure over the points 
of support, and for that reason must be reinforced over the 
points of support, as indicated in Fig. 105. The area of 
this reinforcement over the supports at the upper surface 
of the beam must be at least equal to the area in the lower 
portion of the beam at mid-span. 

Similarly, in beams of T section, care must be taken 
that sufficient area of concrete is provided in the lower 
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portion of the web at the points of support, to resist the 
reverse flexure. This is usually done by introducing large 
fillets at the junction of the beam with the column, or main 
girder, as the case may be. The construction is well illus- 
trated at Fig. 107, page 149. If it is not found possible to 
introduce large concrete fillets as shown, steel must be 
provided to make good the deficiency. 

When the slab, or beam, simply rests on the supports, 

IVl 
the formula M = — - — must be used to determine the 

o 

bending moment. 

Tee Beams. — In the case of tee beams, the determina- 
tion of the neutral axis is a little more difficult. If the 
thickness of the slab is equal to, or greater than, n as deter* 
mined bv the formula 



At ( J 30 lib V 

then it is obvious that the tee beam may be treated as a 
rectangular beam of width h and all the stresses determined 
by the formulae 



ahn 
M 



t = 



a A 



When, however, d^ is less than n as determined above, 
it is obvious that the stress in the concrete must be higher 
owing to the smaller area resisting compression. The exact 
mathematical solution of the problem is by no means 
difficult, but it is rather cumbersome and tedious to work 
out, and in practice the following approximation is generally 
used. As previously shown, if the thickness of the concrete 
slab dg is equal to n the depth of the centre of pressure 

equals - ; when, however, </^ is less than n the conditions 

3 
will be as indicated in the strain diagram (Fig. 104), 

from which it is evident that the centre of pressure will 

coincide with the centre of gravity of the trapezium A BCD. j 

A little consideration will also show that the distance of 
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this point below the surface of the concrete within the 

extremes J. = n and ^. = o ranges from _• to -^ 

32 




Ftp. 108. 



Fig, 104. 



If, therefore, the centre of pressure be taken as .^d 
below the surface of the concrete, the error involved is 
small. Hence 

a ^ d — .4J, 

The neutral axis may also be assumed to coincide with 
CD without introducing a serious error, except in the case 



// 



too 




Fig. 106. 



138 REINFORCED CONCRETE. 

of very deep beams, and even then the error is on the 
safe side. Hence 

M 



T = 



a 
M 



Ata 
_ fJ£ 

Example (Fig. 105). — It is required to verify a beam, 
width 7 ins., depth from upper surface to centre of steel 
19 ins. ; reinforcement, two if in. diameter bars ; distance, 
centre to centre, of beams, 10 ft. ; span of beams, 
22 ft. 3 ins. ; thickness of slab, 5 ins. ; superload, 100 lbs. 
per square ft. 

Dead weight of slab —in.x loft.x 156 =650 lbs. per ft. of beam 

ji £ 

Super load loft. x 100 lbs, =1000 ditto 

7 16 
Dead weight of beam-^ X — x 156 lbs.= 120 
^ 12 12 ^ 

1,770 Total load per 
foot run. 
M = 1,770 X 22.252 X 12 = 1,315,000 inch-lbs. 

8 

d = 19 ins. 

a =19 — (5 X 0.4) = 17 inches. 

^ i^-^is^.ooo ,, 

T ;= '^^^' = 77^500 lbs. 

A^= 2 bars if in. = 4.81 square inches. 
/ = 77,500 = 16,000 lbs. per square inch. 
4.81 
Compression 6 = 5 in. x 15 = 75 in. 

2M 2 X 1,315,000 „ . , 

c —,--.- = ^^-^ =41'? lbs. per square inch. 

bd^ 75 X 5 X 17 ^ -^ 

Shearing Stresses, — When designing a concrete beam, 
in addition to providing steel to resist the bending stresses, 
it is necessary to consider the tensile stresses set up by 
shearing forces. It has been found from experiment that 
concrete has considerable strength in pure shear, though, 
owing to the nature of the material, it is difficult to get 
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actual figures ; most authorities, however, put the tensile 
strength at about 200 lbs. per sq. in. In practice, it is 
safe to assume that the concrete can take a stress resulting 
from a shearing stress of 40 lbs. per sq. in. Rectangular 
beams and floor slabs very seldom exceed this figure, so 
that it is not necessary, as a rule, to reinforce these. In 
the case of tee beams, however, as only the concrete of the 
web is considered as capable of taking tensile stress due 
to shear it is nearly always necessary to add shear rein- 
forcement. Where this is the case it is safest to assume 



ft 



7 



Fig. 106. 



that the concrete being possibly cracked on the tension 
face will not take any tensile component of the shear stress 
and therefore the steel will have to resist the whole tensile 
component. The cracks do not, however, prevent the con- 
crete taking the compressive component. Let 

S be the total shearing stress on a vertical section. 
p = spacing of stirrups placed vertically. 
<4^ = area of stirrup. 
t = safe tensile stress in stirrup. 

Having made the above assumption, it can be proved 
that the area of the stirrup required equals 

• a I 

For bars inclined at an angle of 45 degrees it may be 
assumed that 

0.7 Sp 



A. 



a t 
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The stirrups should never be placed further apart than 
the arm a of the beam. 

Example. — In the annexed example (Figs. 105 and 106) 
it has been assumed that the stirrups have been placed six 
inches apart. 

The total shearing stress at the supports is equal to 



1,770 X 22.25 
S = = 19,600 lbs. 



Therefore 



19,600 X 6 

^f = . — = 0.432 square mches. 

17 X 16,000 ^'^ ^ 

Diagrams. — While the above formulae can be relied on 
to give accurate results, the process of calculating each unit 
of a structure in detail becomes tedious, and it is usual, 
therefore, to have the results arranged in curves, or tabular 
form. A set of curves for rapidly fixing the proportions of 
rectangular beams or slabs is shown opposite page 134. 
For instance, if a floor slab of 10 feet span 4 inches thick 
bears a superimposed load of 60 lbs. per square foot, the 
floor required will weigh, assuming reinforced concrete to be 
150 lbs. per cubic foot, ^ x 150 = 50 lbs. per square 
foot. Therefore, the total load will be no lbs. per foot 
super and the bending moment on a strip one foot wide 
will be 

Wl 



M = 



8 

no X 10 X 10 X 12 , ^ • 1. iL 

g = 16,500 mch-lbs. 



The bending moment having been ascertained, its value 
is located in the left-hand margin. The full lines that are 
approximately straight show where the stress in the steel 
is a maximum, and the curved full lines show where the 
stress in the concrete is of maximum value, the junction 
of the two showing the point at which both have maximum 
value, and therefore at those points the greatest efficiency 
is obtained from both materials. These critical values are 
generally most economical. So we find in the present case, 
by tracing horizontally that 4in. is the most suitable depth ; 
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now from the point of intersection of the bending moment 
value with the full line curve we trace vertically downwards 
to the bottom and ascertain the number of square inches of 
steel required per foot width or vertically upwards to the 
top and find the number of lbs. of steel required per square 
yard. In this case we get .3 sq. in. and 9.2 lbs. per sq. 
yd. respectively. Now, suppose it is decided to use Jin. 
dia. rods, then going back again to the first point of inter- 
section we trace upwards until the line marked i''<p is met, 
and then we run across horizontally to the right-hand mar- 
gin and ascertain that fin. dia. bars spaced 4iins. centre 
to centre will be required to give the necessary sectional 
area of steel. 

Rectangular beams are not so often used as are ribs 
extending below floor slabs of reinforced concrete, these 
ribs and slabs combined becoming practically tee-beams, a 
portion of the floor serving as the tops of the beams as 
shown in Fig. 103. The concrete of a reinforced concrete 
floor is thus very completely utilised, being highly stressed 
firstly in the slab at the centre between the ribs, and secondly 
at the ends of the slab. The effective depth d should not 
be less than one-eighteenth the span for stiffness. The slab 
reinforcements should run the opposite way to the beams, 
and if they do not a rectangular beam should be used. 

The manner of calculating a beam by the aid of the 
diagram 3, p. 141, is as follows: Having ascertained 
the bending moment we decide on the greatest depth 
we can give the beam, for the greater the depth the 
cheaper the beam generally. If w'e are not limited as to 
depth we make it about one-twelfth to one-sixteenth of 
the span. Knowing the breadth available the bending 
moment is now divided by the breadth and the 
square of the chosen depth. The value thus obtained is 
found in the lower left or right hand margins (for we make 
Rj the resistance moment, equal to the bending moment), 
and traced along horizontally. If the beam be a rectan- 
gular beam we ignore the curves for tee beams. The 
intersection with the curve for rectangular beams will show 
on the bottom scale the neutral axis ratio n^ which multi- 
plied by the depth gives us the position of the neutral axis 
measured from the top of the beam, for n = n^d, and from 
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proximity to one of the curved lines for tee beams marked 
with the values of c=2oo, 300, etc., we can judge the stress 
in the extreme concrete fibre. Reverting to the point of 
intersection we trace vertically upwards to a point of inter- 
section with the straight line for rectangular beams at top 
of diagram and read out on the left or right hand margins 
the value of the arm depth ratio a^, which multiplied by the 
depth gives us the arm, for a = a^ d. 

We can now ascertain the area of steel required by the 
equation 

B 

A, = 

16,000 a 

where A^ = area of steel in tension, 

B = bending moment and 

A = arm. 
If, however, we have a tee beam to deal with we first 
of all determine the value of the slab depth ratio, by divid- 
ing the depth of the slab by the depth chosen for the beam, 
for 



'^^d 



R 



Now in tracing horizontally from the value of -r~7^ in 

the side margins we watch for an intersection with the 
vertical position of the value of 5, referred to the bottom 
scale. If we meet such point before we come to the line 
marked ** Curve for n^ ^ s^'* we stop and read from prox- 
imity to one of the lines for tee beams marked ** Values of 
c '* what is the extreme fibre stress in the concrete. If 
this value be too great we can revise by choosing another 
depth, or we can insert top reinforcement. However, sup- 
posing it not to be excessive, we travel along or parallel 
to the nearest curve for c until we intersect such value of 
compressive stress on the curve for rectangular beams, and 
then from the bottom scale can read value of Wp But re- 
verting to the first p>oint of intersection we trace vertically 
upwards to meet a point in the same proximity to one of 
the upper lines marked with the ** Values of c '* for tee 
beams, and read in the side margins value of a^ when the 
same procedure as before is followed for finding the arm 
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and area of steel required. Should we first of all strike 
the curve for rectangular beams before intersecting with 
the value of s^ we know that the neutral axis ratio is equal 
to or less than the slab depth ratio (the curve is so labelled) 
or in other words that the neutral axis is within the slab 
and the beam may consequently be considered as a rectan- 
gular beam. Therefore we stop at the intersection with 
the rectangular beam curve and proceed just as we did for 
rectangular beams. 

The diagram may also be used for designing doubly 
reinforced beams. We will explain the procedure by means 
of two examples, one a rectangular, the other a tee beam, 
both of which are limited in depth so that for the bending 
moment the concrete alone is inadequate to resist the com- 
pression. Suppose the bending moment on the rectangular 
beam be 432,000 in. -lbs. and the effective depth be limited to 
20 ins., and the breadth to 9 ins. We see that the value of 

R 432000 

r-r: required must be = = 120. This value we 

hd^ ^ 9 X 20» 

find in the side margin and see that if no top steel be pro- 
vided the extreme fibre stress in the concrete would be 
700 lbs. per sq. in. So we find what the concrete will sus- 
tain at 600 lbs. per sq. in., namely, 93, which represents 
a moment of resistance of 93 x 9 x 20* = 334,800. 
Therefore the steel in compression must resist the remainder 
or 432,000 X 334,800 = 97,200. Suppose we embed the 
axis of the steel in compression 2 ins. below the extreme 
concrete fibre. Then the arm of the steel in compression 
will be 20 — 2 = 18 ins. We see from the curve that the 
neutral axis ratio for marginal value 93 is .36, therefore 
the value of n = .36 x 20 = 7.2 ins. Then the stress 
in the concrete adjoining the axis of the compressive steel 

7.2 — 2 
will be-^ x 600 = 434 lbs. per sq. in., and the stress 

7-2 

the steel will take will be 14 times this (for explanation see 
column formula p. 129) i.e., 434 x 14 = 6076. We can 
»iow find the area of compressive steel required thus: 

At, = = ^ — ^ ^ = .888 square inches. 

Cg a 6076 X 18 
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The compression taken by the steel will be 

.888 X 6076 = 5395 

The compression taken by the concrete will be 

cbn 600 X 9 X 7.2 

= = 19440 

2 2 

The total compression will be 5395 + 19440 = 24835. 

This is equal to the total tension, so that we shall 

require as tension reinforcement 

24835 

— : = i.s^ sq. ins. of steel. 

16000 ^^ ^ 

For our second example suppose we have a tee beam 

whose breadth is 50 ins., the depth of slab being 4 ins. 

and the maximum effective depth obtainable 16 ins. While 

the bending moment to be sustained is 1,280,000 in lbs., 

. R , 1,280,000 , f 

then , - must be = 100, and we see from 

bd^ 50 X 16- 

4 
diagram that this intersects value of s^ = -p-- = .25 so as 

to show 680 lbs. per sq. in. maximum fibre stress 
if the concrete be not reinforced in compression. 
Limiting this to 600 lbs. we see that the concrete 
will resist a value of 86, i.e., has a moment of 
resistance of 86 x 50 x 16' = 1,100,000, leaving 
1,280,000 — 1,100,000 = 180,000 to be resisted by the com- 
pressive steel. Also the neutral axis will be .36 x 16 = 
5.76 in. If axis of steel be 2 in. from extreme fibre stress 

'^.76 — 2 
in steel will be- — x 600 x 14 = 5475 and area of 

5-7^ 

180000 
compressive steel required — ~ = 2.35 sq. in. 

Compressive stress in concrete at underside of slab will be 

?— X 600 = 183 lbs. per sq. in. Therefore average 

5-76 

600 + 183 _ , 

compressive stress = — = 391-5. lotal com- 

pression = 391.5 x 4 x 50 + 2.35 x 5475 = 7^30^ + 
12870 = 91,170 lbs. The area of steel required in tension 

.,, , i 91170 
will thus be ^-^ — = 5.7 sq. ins. 

16000 

Note. — The stresses due to eccentric loading should be 

M 
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provided for, and the algebraic sum of the stresses in any 
member subject to eccentric loading should not exceed the 
maximum permissible direct stress. 

The joints or connections between reinforced concrete 
members require close attention, as these have frequently 
been the weakest points. 

The grip or adhesion length of a bar embedded in con- 
crete should be measured along the bar from any given 
cross section to the end of the bar. Additional security 
should be provided by bending the ends of the bars into a 
J form or by mechanical bond. In the case of bars having 
a continuous mechanical bond it would be permissible, in 
calculating the grip length, to consider as the surface of 
the bar the periphery over the transverse projections multi- 
plied by the length in question. The safe grip stress is 
usually taken at loo lbs. per square inch of surface. 

Longitudinal bars in beams should not be less than 
J in. diameter or thickness, and spaced not more than 6 ins. 
opart. All other reinforcements in beams should be at least 
J in. in diameter or thickness. There should be a distance 
of at least i in. horizontally and i in. vertically between 
the bars in beams except at joints, so as to allow the con- 
crete to work its way between the bars. 

In slabs the least diameter or thickness of steel rein- 
forcements should be jV in., and the bars should be at 
least an inch apart, except at junctions and at parts where 
the bars are in direct contact and transverse to one another, 
and they should be not more than 12 in. apart. If the ten- 
sile reinforcement runs in one direction, distributing bars 
not less than j^^yin. diameter should be placed transversely 
not more than 18 ins. apart. 

Shear members, where provided, should be passed 
under or round the tensile reinforcement, or be otherwise 
secured thereto, and extend from the tensile reinforcement 
to the centre of pressure in the concrete. They should 
have a mechanical anchorage at both ends or they should 
have mechanical bond with the concrete throughout their 
length, such mechanical bond being calculated on the por- 
tion embedded above the neutral axis. 

These calculations and tables should enable any 
engineer or architect to check reinforced concrete designs 
and even design small structures. 
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As previously stated , however, no work of any magni- 
tude should be undertaken without considerable previous 
experience. To those who wish to make a closer study of 
the subject the following books can be recommended : — 

Marsh and Dunn, '* Reinforced Concrete *' ; Turneaure 
and Maurer, ** Principles of Reinforced Concrete^* ; Faber 
cUid Bowie, ** Reinforced Concrete Design *' ; Taylor 
and Thompson, ** Plain and Reinforced Concrete '* ; Buel 
and Hill, ** Reinforced Concrete Construction'*; Morsch, 
** Concrete Steel Construction"; Rings, ** Reinforced Con- 
crete—Theory and Practice.'* 

PIPES. 

Pipes are hooped round so as to prevent bursting undet 
the internal pressure, or being crushed by external pressure 
as from a load of earth and traffic over. A pipe also, if laid 
upon the ground or in loose earth, rests somewhat like a 
beam supported at the ends, and moreover has to be lifted 
into position. A certain number of longitudinal reinforce- 
ments will therefore be required. A pipe reinforcement is 
shown in Fig. 142. 

GENERALLY. 

• 

Steel should always be inserted in the face where the 
pull will come ; thus, in a beam or slab it must be close to 
the bottom. In a wall built to withstand earth pressure 
of uniform thickness, unsupported at points, it must be in the 
face nearest the earth ; but if the wall is buttressed, the 
portion of the wall between the buttresses is called upon 
to act as a beam, consequently the reinforcement is 
inserted on the side furthest from the earth, except in 
the buttresses, which need their reinforcement nearest the 
earth. 

There must be only enough concrete outside the steel 
to protect it from rusting or fire. In floor or roof slabs of 
small structures the thickness of concrete below the bottom 
of the steel should be at least i in., for secondary beams at 
least i^ in., and for main beams at least 2 in. For columns, 
the thickness of concrete protecting the steel should be 
at least 2 in., and in important columns 3 in. 



148 



REINFORCED CONCRETE, 



m 2 



« 

C 
« 

•s 

as 
S: 

o. 

9 

« 
S 

•5 

■e 
a 





of 2 



3 3 S 2 S 



0) 



•a i 
o o 



I- ** ^ 

O O C4 






8g 



OB 






a 



"" OB 

it 

s ■> 



2-8 
•a « 

CO ^ 

u 
S 
.o •= 



e 
6 

e 

s 



9 

cr 



B 



9 






9 

o 

s 



4* • 



§ 



8^1 » rt 

S 



1-^ 

S 

cs 

5 



•III I 

p O C O 
^ J2 "O ^ 

Ml '*' = W 



s 

S ■' ^ se 
5 = 3 5 
2 § S2 ■" 

O c - 



C 

S 

"St 

•2c 



II 

■3 •• 

J OS 

;s ^ 

OD es 

S S E 
111 

E X ^ 



4 "f 






■a ^ 

o 



«^ 



« 

s 



o 









■5 -s j: r C s. .= 



I- ^ - is 









S « 

c s = 
IS* 



fti S-. A< A- 



J5 o 



« 






E.E 



a. •» 
Si 

12 9 

— 00 



u 



o 

•g 

3 

S 
u 

5 
u 

.5 



k £ P» 



B 

3 

o 

s 

8 



^ cs 



*• B 

O Cm 

o o 

?*« I 



B 

..•5 

$■5, 






<8' 

B 



o s 

•- i 



= CD 



te .0 



ft* _ 
c ^ 

-J 

.a 



■ s 

X J! _ 



• ■ 

e s 



-3 ^ 



1 



Ha: 






H 



8 . 
S » 
8^ 
S <s 

0; 



S-S 



'Sd'iou] { 

•spoa 

JO 8up«ilg ' 
■«poH JO 



CSQ -89I|0U[ 



^ 

H 



■ssaujioiqx 






fl 

i 

o 

B 



'pannbai 

spoH 
JO Jdqmn^ 



PQ 

o 

I .S 

00 

fl 
s 

■5 



i 



foqoai 
-«qq»d9a 



•q^ddQ 



-sdqouj 
VPIAL 



-suzcdg JO 



O O t>.>C O t>. c C i>i O >0 r>i ir-. i>. 10 10 rs ir, «r, i>. «/*< >r, r>. 10 



«;;«»*-». «p; 



1.^ »ir .^M i«> 



»ac-««i6. 



^^xir-w<iQ^9»e.«* •** «^»*c-t*e* ?»:-**«* rax -He c^?*r! 



'saqauX 



^ •»» !»• t*» »f *»* !•♦ J** «»^ »"* »*• !♦• «W 



19 

9 



spHdnuDg ae 

joiaiainwa *§ 

9 

o 

-saqaai a 

•spoH JO 

Jd)9UniQ 



f*^**"* i»»«rf n^m^ rn^m^ a w**"*"! nFr«HM es-^-^r* f»^«4s« 

00 

u 

— - ^ 

9 






8 

•5 

s 



8 

B 

9 

•c 



8 
«• 



« M 






vo r^oo r>.o^o^o^O'-'0«-cntJ io<o i>»>o t>.x i>.oo c^ t^oo o 



10 .qii9ii9q 




^vO 00 ^>0 00 ^vO 00 ^>0 90 



•^ ^. » ' ' »^ >.. , ■< ^ 



N 



REINFORCED CONCRETE. 



149 





S 



The concrete of both the slabs and of 
the beams should always be laid as part of 
the same operation, and if the work must be 
stopped the point to discontinue should be 
in the slab at about one-fourth the span 
from one end. 

Fig. 107 shows a typical beam sustain- 
ing floor slabs, from which it will be seen 
that the beam reinforcement has rods run- 
ning lengthwise with the beam, part of these 
rods being bent up about one third of the 
distance from each end and extending 
over the supports, while U-shaped bars 
or stirrups which pass under and around 
the longitudinal rods up to the top of the 
beam are provided. The cranked-up bars and 
the stirrups prevent the diagonal cracks re- 
sulting from shearing action, and the bars 
over the supports at the top prevent the 
cracking of the beam over the support at 
the ends. 

Tests should be made of the quality of 
the steel, which should be in accordance 
with the British Standard Specification for 
structural steel. It is just as important to 
test for quality in steel as in cement, and in 
many cases very inferior steel has been 
supplied to casual users, and great risks have 
been run for want of taking such proper 
precautions as having a few check tests 
carried out by independent testing special- 
ists. 

The Tests Standing Committee of the 
Concrete Institute recommends the follow- 
ing tests for all steelwork for use in re- 
inforced concrete : 

(a) The steel shall attain an ultimate 
tensile strength of not less than 
60,000 lbs. per sq, in. 
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(b) The steel shall withstand a stress of 34000 lbs. 
per sq. in. before showing any appreciable perma- 
nent set. 

(c) The contraction of area at fracture shall be not less 
than 45 per cent. 

(d) All steel shall stand bending cold to an angle of 
180^ around a diameter equal to that of the piece 
tested, without fracturing the skin of the bent 
portion. 

(e) The steel shall be free from scabs and flaws. 

The same authority has issued the following report on 
** The Testing of Reinforced Concrete Structures on Comple- 
tion '» :— 

'* It is frequently specified that test loads should be 
applied to finished structures of reinforced concrete shortly 
after completion. It should be recognised, however, that 
such tests should in no wise reduce the care to be exercised 
in the supervision of the work by those responsible. Since 
the test loads are generally applied only to specific parts of 
the work, such tests do not necessarily prove that the work 
has been properly executed either in whole or in part. 

** The test load should not be applied to any part until 
the expiry of 90 days from the last day of laying the con- 
crete. 

*' The deflection of beams under a test equal to the full 
working load for which the beams were designed should 
not exceed i/i,oooth of the span. 

** In order to impose the full load upon a floor or roof 
beam under test the two bays of floor or roof adjoining 
require to be loaded all over, otherwise a considerable por- 
tion of the load is transmitted to the adjoining beams and 
the full load does not come upon the beam under test. 

** Not more than the superimposed load for which the 
beam has been designed, plus 50 per cent., should be applied 
as a test load. 

** When test loads are applied the materials used for 
loading should be put on in such a manner that no arching 
action whatever can take place, otherwise incorrect results 
will be obtained. 

** If systematic and thorough supervision be given by 
the professional adviser during course of construction the 
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application of test loads to the finished structure is not so 
necessary. 

** Test cubes, if kept in an even temperature, which 
should be the same as that specified for cement briquettes, 
form a means of gauging under standard conditions the 
resistance to thrusting, and cubes kept in the open air will 
give the values for the concrete in actual practice. The 
results of these two sets of tests will be helpful in deter- 
mining at what age the work is strong enough to sustain 
the loads.'* 

The Concrete Institute some time ago investigated the 
question of whether rusting of steel takes place when 
covered by concrete, and collected a good deal of informa- 
tion giving the results of experience and examination. As 
a result of these observations and investigations the fol- 
lowing conclusions have been drawn : ** Reinforced concrete 
will last as long as plain concrete in any situation provided 
that certain special precautions are taken during its con- 
struction. The precautions to be taken are as follows : — 

** Concrete, — ^The materials (cement, sand, and stone) 
must be of good quality. They must be most carefully and 
thoroughly mixed and scientifically proportioned, so as to 
be practically waterproof and airproof. The mixture must 
be fairly wet and must be well punned into position so as 
to minimise voids. The aggregate should be as non-porous 
as possible, and any aggregate which is known to have a 
chemical action on steel should be avoided. The aggregate 
should all pass through a f-inch mesh. The concrete 
covering should in no case be less than ^ inch, and it is 
suggested that if round or square bars be used the covering 
should not be less than the diameter of the bar. In struc- 
tures exposed to the action of water or damp air the thick- 
ness of covering should be increased at least 50 per cent., 
or the size of the aggregate should be reduced so as to 
ensure a dense skin. In the case of structures exposed to 
very severe conditions, the concrete might be covered with 
some impervious coating as an extra precaution. 

** SteeL — The reinforcement should be so arranged that 
there shall be sufficient space between one piece and its 
neighbour to allow the concrete to pass and to completely 
surround every part of the steel. All steel should be firmly 
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supported during the ramming of the concrete, so as to 
avoid displacement. It should not be oiled or painted, and 
thick rust should be scraped and brushed off before placing. 

** General, — The scantling of the various members of the 
structures should be sufficient to prevent excessive deflec- 
tion. If electric mains are laid down, very great care must 
be taken that no current is allowed to pass through the 
reinforced concrete. Fresh water should be used in mixing, 
and aggregates charged with salt should be washed. 

** These recommendations hive regard only to the pre- 
vention of the corrosion of steel and not to fire-resistance or 
any other property of reinforced concrete.*' 

Due to an escape of electric current from the mains 
supply ing the electric lamps and electric cranes on some jetties 
on docks at Southampton, it was found that considerable 
deterioration of the concrete had taken place by electrolytic 
action. The recommendations of the Concrete Institute, 
above referred to, will prevent any such deleterious action 
taking place in future if they are observed, but at the same 
time, it would be undesirable to permit the possibility of 
such action, and where electric mains are in conjunction 
with reinforced concrete a test should be conducted bv 
making a metallic connection with the earth or water to 
ascertain if there is any difference in potential; if there is, 
then there is an escape of current which should be put right 
at once. 
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EXAMPLES OF THE 
USES OF CONCRETE. 



In classifying the following notes on the many uses to which concrete 
is now put we have first dealt with the more ordinary applications 
in building work, and have proceeded in the order in which such 
structures are erected, commencing with the foundations, and going 
on to treat of the walls and floors, finishings and appurtenances. 
Completed structures arc then described and illustrated, and finally 
special applications dealt with. 

FOUNDATIONS. 

One of the best known uses to which concrete is put in the 
country in connection with either the home or the farm is the con- 
struction of foundations and walls. 

Every wall should have a proper foundation — that is, the base 
should be wider than the wall it carries, so as to press lightly upon 
the ground by distributing the weight upon a larger area. F'urther- 
more, the widening of the base increases the stability of the wall. The 
foundation should extend below the frost line, so that the excavation 
should be at least 2 ft. deep. 

Fig. 108 shows a form of reinforcement for a column foundation 
carrying a heavy load. The vertical rods in the column are turned 
round at the ends or bear against a metal plate or scries of plates so 
as to distribute the pressure. In the foundation block underneath 
the bottom of the post or column rods are placed lattice- wise as shown, 
while stirrups are passed round them and hooked up into the concrete. 

Fig. 109 shows another reinforced concrete foundation. In this case 
the loads are heavy, and the subsoil weak, so that the whole area has 
to be brought into play, and the foundation is therefore made in the 
form of a raft floating upon the soil. The construction in such 
a case is exactly that of an inverted floor, the upward pressure 
of the soil being equivalent to the load upon a floor, and the downward 
pressure of the column being equivalent to the upward pressure of the 
supports as in the case of a floor. 

Fig. no shows a foundation to carry boilers. Here the resemblance 
to ordinary floor construction reversed is still closer, because the 
beams project above the raft instead of below. In the majority of 
cases, however, ribs on the upper surface are not permissible. 

The foundations of buildings consist in many cases of concrete 
piles. These piles may be constructed of plain or reinforced concrete, 
and can be built in situ or moulded and put in place. In the former 
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method steel sheaths like a section of steel pipe are driven into the 
ground, and concrete is poured down the centre of them with, perhaps, 
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Fig. 113. Pile Foundation in Rtin/oreed Concrttt. 

may also be driven by means of a jet of water forced under pressure 
through a pipe passing down the centre, the water making its way out 
at the opening of the pile and blowing the stones away and allowing 
the pile to sink by its own weight or by moderate driving. This process 
is particularly applicable lo sundy and muddy substrata. 

Pig. 1 1 1 shows an arrangement for the rcin[orr«nienl of a pile. 
Of course this skeleton, made of wire and rods, is embedded in concrete. 
There are various methods of arranging ihe reinforcement, similar 
to (hose of a post or column, rods being placed longitudinally through 
Ihe lenglh, and wrapped round with hoops or spiral winding of 
smaller rods. 

Fig. Ill shows a foundation resling upon concrete piles, as the 
soil in (his case is not strong enough to sustain a heavy load. 

In 'constructing piers (or (he new bridge over (he River Foyle a 
new me(hod of sinking (he foundations was adopted. A reinforced 
concrete caisson was used ins(cad of a s(ccl one. It consisted of a 
number of super- imposed .sections, the bottom of which had a cutting 
edge. These sections were left for about four weeks (o harden, when 
they were lifted bodily by a crane and lowered into place, each separate 
section being kep( in position by a series of vertical rods, which ex- 
tended from the lowest section to above the surface of (he water, thus 
en.'iuring each section resting plumb on the one below. The weight of 
narh srclion was from 7 to 8 tons, and its form ii shown in Figs. 11,1 
and 114, In order Lo make Ihc joinls between the sections 5atisfaclory 
a small groove was made in Ihe upper surface of each, while Ihe 
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bottom of each section 
was provided with a small 
wedge-shaped projection. 
A roll ol cement mortar 
encased in linen was 
placed in each groove, 
and the projection of the 
section above dug into the 
soft mortar making a 
perfectly watertight joint. 
The cost of these rein- 

workcd out at about half 

du the same work. 

A jetty was con- 
structed at [rlam Lock 
on ihp Manchester .Shij) 



lifted into place by a 
crane, and built U]) in 
sections placed une upon 
■he otlier very much .is 
bridge piers. 1'hesc cais- 
sons had a timber topping 
to form the floor of (he 
jetly. Some of the cais- 
sons weighed a great deal, 
the heaviest being 107 

Similar applications 
of reinforced concrete to 
harbour and dock con- 

ried out in Holland. For 
the quay walls at Yniui- 
den reinforced concrete 
cylinders were previously 
prepared, and subsequent- 
ly driven into the sandy 
bottom by means of 
water jets. After these 
had been driven to a 
sufficii 



s fixed on top of them. 
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:ling the quay walls at Rolterdam, huge hollou' talssons 

of reinforced concrete were prepared in a dry doclt, these i-aissoiis 

measuring 132 ft. in Icnfilh, 33 ft. in height, and ^3 fi. in width, ihe 

wall thickness being irom 6 ins. to 14 ins. They were towed allout 

(o their places and sunk to the bottom (which had been previously 

levelled) by filling thcni with 

water, after which they were 

filled with concrete and sand. 

Upon the caissons, above the 

water level, arc placed concrete 

The rotting of wooden wind- 
mill foundations causes conEldi^r- 
x»f:m '^^^^ danger, i^nd concrete car- 
»■ ricd by a metal framework is 
•™*''' -nfinitely better for the purpost. 
Such as shown in Figs. 115 and 



A suitable r 
Crete for Ihe bed of ai 
would be tour jArts coi 
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set, but it would not be advisable to commence to run it in less than 
a month to six weeks, this period varying with local conditions. 

WALLS. 

Concrete walls may be either hollow or solid, the latter form 
being mostly adopted in the case of a boundary wall or a retaining 
wall, whereas the hollow wall is more used for walls of buildings. 
Concrete walls arc stronger than brick walls of the same thickness. 
A concrete wall may be built cither in separate moulded parts in 
the shape of blocks put together as brickwork or masonry, or it may 
be cast in situ. 

Care should be taken in building walls that they are plumb, and 
they should be allowed to harden for two er three weeks before any 
superstructure is built upon them. Earth should not be filled in against 
a concrete wall for three or four weeks unless the shuttering, on the 
side opposite to the earth is kept in place. Door or window frames 
should be put in position and the wall boilt round them. 

Cellar walls are usually from lo in. to 12 in. thick for a super- 
structure of timber fr;unf.-work, and 11 in. to 16 in. or 20 in. thick to 
sustain a brick, superstructure — i.e., about 2 in. wider than the brick 
wall, for .ccrfTX'enience in laying out the brickwork. 

Wt have before referred to the desirability of avoiding cracks due 
tb; 'expansion and contraction under changes of temperature by pro- 
viding expansion joints or by the use of reinforcement. « 

Figs. 16 to 20, on pages 58 to 60. show forms for constructing 
ordinary solid concrete walls. In Fig. 16 it will be noticed that 2 in. 
by 4 in. props are placed against the 2 in. by f in. upright studs so 
as to keep the shuttering rigid and upright. The diagram shows the 
footings to such a wall, and also represents on the right a solid con- 
crete retaining wall built against a bank of earth, the shuttering 
being placed only upon one side. 

Fig. 19 shows a type of form which is raised as the wall goes up. 
The bottom set of bolts which hold the shuttering the right distance 
apart rests upon the completed wall, the lower part of the former over- 
lapping the concrete as shown, this tending to keep the wall plumb. 
We here note that the bolts should be greased each time such a form 
is used, otherwise it will be difficult to remove them after the concrete 
has set, owing to the great strength of adhesion between concrete and 
steel. The holes left by withdrawing the bolts may be filled after- 
wards with sand and Portland Cement mortar of the same proportion 
as the sand and Portland Cement mortar of the concrete of which the 
body of the wall is built. 

Where there is not much strain upon a wall it is well to build it 
hollow. Fig. 18 shows a form for the construction of a hollow wall 
in situ. The core is built in sections about 2 ft. high and rests on 
the galvanised iron ties which bond the inner and outer faces together. 
These ties should be about 2 in. broad by { in. thick, and should be 
turned up i in. at each end, and be long enough to extend halfway 
through each wall. These should be laid across the wall, spaced 3 ft. 



apart, every time the core form is raised. The ends, top and bollom 
ol such a wail should be filled (or 6 in., to enclose the air space, but 
the latter should be nell ventilated by ventilating bricks built in at 
points. Another plan is to use collapsible core-boxes which run lo 
the height of the finished wall. After the wall has been brought lo 
its full height and becomes set the core-boxes are collapsed and 
lifti-d out. 

Kor the Iteeping oF *arth and other materials in place what might 
almost be called a dam for earth is built. All matFrials, if not sloped 
at a slight angle less than their angle of repose, are liable to slide 
Forward and exert pressure, and this slipping of the material is 
prevented by building retaining walls capable of resisting this thrust. 
Reinforced concrete retaining walls are very much more economical 
than brick or stone retaining walls. For the overturning action is 
resisted by extended outer bases, the tendency to crack which is 
resisted by the embedded steel, whereas brick and stone walls can 
only resist the pressure by the dead weight in them. In reinforced 
concrete wails the earth filling is often made to sustain itself by 
providing the weight to prevent overturning, whereas in walls of other 
materials the weight has to be provided by a large mass ol other sub- 
stance. Fig. 117 shows such a wall constructed at Birkenhead, and 



'\g. 118 illustrates another at Saltord. It will be seen thai the latter wall 
s reinforced with expanded melal. Retaining walls are often required 
n the basements o( buildings lo sustain the parlh outside; the retaining 
vail at Salford is of that character, and forms the area around the 
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builaing. standing cJpar of ihc baTinent. The walls of basements, 
however, often con^i^t of (htsc rclainingf walls themselves, the earth 
being close up on the outside. 

Concrete walls round gardens may be made of poor proportions 
outside, with insuHndent sand to fill the voids in the coarse material, 
soy 7 or 8 round ballast stones or large-sized coke-breeze Or clinker to 
I of Portland Cement, so as to be very rough. Roughness, however, does 
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not mean that the wall should be porous and not waterproof; the 
interior of the walls should be solid and co.npact. If a iarge-sized 
[curse material is used, the stones not beii g crushed but roughly 
deposited in ihc forms, by simply wetting these beforehand and lamping 
only in the centre of the wall, it will be found when the forms are 
removed that the concrete has a very rough surface with plenty of 
holes in it for a depth of about an inch, but the interior of the wall 
will be solid. Figs. 117 to 124 show reinforced loncrete boundary walls, 

ability of reinforced concrete for long monolithic walls. 

The reinforced concrete fence wall shown in Fig, no is about 
3 inches thick, with posts every 10 feet, and a heavy concrete curb. 
The panels are rectangular slabs with a Huted outer surface formed 
by using sheets of commercial corrugated iron for the backing of the 
wooden moulds in which they were cast. The top of (he slab is 
formed as shown with a rounded horixonlal rail, somewhat like a hand- 
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Fig. 123. Boundary wall U> BoxBting Green, Billon. 

rail. Each slab was rejnfurcnl with i in. diamclcr steel rods placed 
vertically iB in. apart, and with four horizontal lines of j in. and j in. 
diameler rods. Vertical concrete posts, rectangular in cross section, 
7 in. square, each reinforced vertically with lour J-in. steel rods, were 
cast in place on the concrete coping. Slots in opposite sides of the 
posts hold the ends of the slabs in position, the slabs being cast in 
place after the posts have been thoroughly set. The slab is anchored 
to the post by projecting ends of horizontal rods, and the posts were 
anchored to the curb girder by two J-in. vertical projecting rods. 

Fig. 1 20 shows another type of fence wall which is about 4 feet 
high, and was built in sections of about 30 leet in length ; the construc- 
tion is clear from the view. 

Hig. izi shovBS an external cemetery boundary wail at West 
Hartlepool. The wall, as will be seen from the view, is stiffened by 
buttresses against the pressure of wind, and it is weighted down as 
it were by these buttresses being embedded In the earth, and having 
a heel or foundation plate. 

Fig. Ill is a monolithic reinforced concrete wall. 

Fig. 123 is a wall built ot hollow concrete blocks. 

Fig. 124 shows a section of a boundary wall at Borstal Institution, 
Fellham, constructed for the Prison Commissioners. It is 7,500 ft. 
long, and constructed of hollow concrete blocks 4^ in. thick, with 
piers at intervals. The height is 7 ft. 7I in. 10 the top of the coping, 
and 9 ft. 9 in. to the top of the barbed wire which is threaded tlxtough ihe 
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eyes shown at the top of the upright posts. These are placed at intervals 
of 13 ft. 8^ in., and measure 12 in. by 9 in. by 12 ft. lo^ in. 
over all. These piers are rebated to receive the concrete blocks, and 
are set 2 ft. 6 in. in the ground on a bed of concrete i ft. 9 in. square 
by 1 ft. thick. In the sides of the rebates of the posts is embedded 
steel wire mesh so as to fit into the bed joints of the blocks, which 
arc also reinforced with steel wire netting. The wall is self-supporting be- 
tween piers, and docs not require a continuous foundation. The blocks 
are 28.^ in. long, 9 in. wide, and 4^ in. thick, with recessed end joints. 
Each block has two cavities, and they were made two at a time in the 
moulding machine. Six men made and stacked 400 of these blocks 
per working day of 10 hours, and one bricklayer and two labourers 
erected in each day 16 ft. by 8 ft. of wall, i pier, and 2 ft. of founda- 
tion blocks. The proportions used for these blocks were 4 parts clean 
J-in. gravel to i of Portland Cement. 

PIERS AND POSTS. 

Piers and posts in reinforced concrete can be conveniently built 
as follows : — An excavation should be carried below the frost level, 
say 2 ft. sq., and filled in with concrete to within 6 in. of the surface 
of the ground. A form should be built such as that shown in Fig. 
125, say 12 in. sq. Four steel bars f in. diameter should be placed 
vertically in this form, but 2 in. away from the corners, and bound 
round at intervals of a foot with loops of wire ^^^ in. in diameter. 
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these loops being tied to the steel rods with fine wire. Every 2 ft. a short 
piece of ^ in. or i in. wire may be tied to the vertical rods as shown 
at ** A " in Fig". 125, so as to project against the form and hold the steel 
in place. Concrete, which should be of medium consistency, not very 
dry nor yet wet, should now be poured into the form and well 
rammed therein. A long paddle made like an oar should be worked 
against the sides of the form to drive out bubbles of air and give the 
outside of the post a good appearance. 

FLOORS, INTERIOR PAVING AND ROOFS. 

A basement floor resting upon the earth may be laid without 
foundations, except in places where there is a danger of frost getting 
into the ground below the floor. In such cases a dry stone foundation 
is desirable, as advised for external garden paths or walls. 

A base of concrete, proportioned i : 2^ : 5, should be tirst spread 
over the under-surface, which must be made fairly level, to a depth of 
3 or 4 in. This should then be graded with a straight-edge resting on 
battens placed about 12 in. apart. As soon as this is done the battens 
are withdrawn and the holes they leave filled up with concrete. 

No finishing coat is needed unless the floor is to have excessive 
wear. The surface, however, must be trowelled over as described for 
paving. If a hard-wearing surface is required, this may be given by 
a finishing coat similar to that described for external paths. 

Joints should be made about every Z2 ft., and if the surface is 
more than 50 ft. long, or is subject to extreme temperatures, a sectional 
area of steel equal to .005 of the sectional area of concrete, in the form 
of meshwork, is introduced to take up the stresses caused by expansion 
and contraction. 

For the surface of such floors, or for concrete paving laid in situ, 
it is well to use a Portland Cement which sets in three to five hours. 

For the best work the surface coat should be made of fine sharp 
coarse material and F'ortland Cement proportioned 2 to i, and laid 1^ 
in. to 2 in. thickness. The best wearing surface for pavements is made 
of 3 parts clean granite chippings, capable of passing through a f-in. 
mesh sieve, mixed with i part of Portland Cement. Slag chippings 
are sometimes used instead of granite, but as they may contain 
sulphur the latter are distinctly preferable. 

The floors of barns and stables are laid in the same manner as 
paths, the thickness of the porous foundation being 6 in. to 12 in., 
the base 3 in. to 5 in., and the surface coat i in. to i^ in. thick. 
The surface should be roughened and grooved in blocks about 6 in. sq. 
to prevent the animals slipping, and sufficient slope should be given 
to the floor to remove liquids to drains placed at convenient intervals, 
these drains consisting either of gutters or pipes laid in the floor, and 
leading to a manure pit. If pipes are used they should be bedded in 
the concrete, the joints put together with Portland Cement mortar, 
and care should be taken to give them sufRcient slope to flush properly. 
The tops are covered with perforated lids and it is preferable also to form 
sump-pits below the concrete so as to prevent any manurt, straw, etc., 
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from choking the drains; (he lids should be about { in. btlow [he level 
of (he floor. 

Carriage way;, stublc yard;, and coach-house floors, nhen made 
of concrete, should be divided into b-in. si^uarcs to give a ioolhold. 

The design and construction of reinforced concrete floors above 
ground has bpcn doalc with In earlier sections of this book. 

A concrete roof requires some form of reinforcement, and metal 
meshwork is very suitable lor the purpose. If the ceiling is lo be level 
the roof may be calculated as a flat floor slab; if curved, it will be 
desirable to call in an architect or engineer. 
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Fift. ,=6 shows a 
flight of concrqte stairs 
and i'ig, 117 shows 
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situ in forms, being 
designed as inclined 
beams. There is a lip 
or projection at the 
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eoriu-r of (he slair b.-Iow, and ih-y 
are reinforied with ihree rods us 

Whon Ihe steps have been put in 
place the whole is chipped over wilh 
a small pirkaxe. and a finishing coat, 
proportioned 1 part Portland C. inent 
10 I part sand or granilc chippinfis, is 
put over the whole tlifihl ol steps so as 
to bond the whole together. 

Stairs, ho never, may be con- 
structed monolithic on a properly 
built-up (orm, the stringers being rein- 
forced as inclined beams, and the 
■reads being reinforced across and 
longitudinally as shown in Fig', no. 
The siie o( the reinforcement is 
usually about J-in. rods in ihe corners 
of each step threaded with 1-in. rods 
bent (o Ihe shape of the steps, spaced 
about 2 ft. apart; the risers nrc 
moulded betueen two vertical forms, 
one abose and the other below. The 
treads do not need an upper form 
as they are horizontal; the thick- 
ness of such steps should be about 
3 in. 

'^'S- '3" shows a flight of con- 
crete stairs, built by ordinary estate 
workmen, and Fig. 131 refers to a 
larger example of a winding staircase 
of reinforced concrete. 

Spiral st.iircases are also often 
conslrueled ol reinforced concrete. 
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In surfacing steps and 
landings, if the sand is iqi 
absolutely clean and the con- 
crele is mixed rather wer, !he 
clay or loam will come to Ihe 
surface i 



sily 



For 



that it wears off i 
leaves an uneven Ir 
improving the surface of : 
floors, landings, and steps, sili- 
cate of soda is often applied 
by means of a brush to the 
siirface of 




PATHS AND PAVEMENTS. 

In forming concrete pallis and pavements as much care should be 
taken with the toundalions as with the paih or paving itself. The 
foundations should be about 4 in. to 6 in. deep. Where Ihere is 
a porous soil and a rainy climate the foundations should be deeper, 
at least a in. or 3 in. more. 



If t 



clay, blind d 



; gravel or pipes should be 
laid al the bottom of 
the excavation lo carry 
oH any water (hat may 
accumulate. Concrete 

paths are often ruined 

Ihc foundation and ex- 
panding and forcing 
up the top layer. A 
shallow trench should 
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Battens measuring about 2 in. by 4 in., preferably dressed on the 
inside edge and quite straight, are now laid on top of this foundation, 
the correct distance apart, so as to form the inner and outer edges of 
the path. For wide paths, the space between the battens should be 
divided into equal sections not larger than 6 ft. square, putting 2 in. 
by 4 in. battens crosswise and in the centre as shown in Fig. 132. This 
jvill make every alternate space the size desired. 

These alternate spaces are filled to a depth of 3 in. or 4 in. with 
concrete proportioned i part Portland Cement, 2 parts clean coarse 
sand, and 4 parts broken stone or shingle. It should be tamped in 
position, and as soon as the concrete has set the crossways and centre 
scantlings may be removed, a piece of tarred paper or thin strips of 
lath being placed between, and the other squares filled with concrete 
as before. 

The surface should have a slight inclination of about { in. slope 
each way from the centre to every foot of width of the path to allow the 
water to run off on either side. 

A finishing coat of about i in. thick, composed of i part Portland 
Cement to 2 parts of clean sand or evenly crushed shingle, granite or 
stone should now be spread all over the concrete before it has become 
thoroughly set, and the surface rendered smooth by a screed or straight- 
edge run over the battens, and finally by a wooden float, and a groove 
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Fig. 132. Conitrykcting wide concrete 

footpath. 



Fig. 133. Constructing narroiQ 
concrete footpath. 
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made with one o( the tools referred to on page lo[ exactly over the 
ioinis between the concrete layer below, so as to bevel (he edges of 
all blacks. The finishing coat should not be trowelted too much nor 
until it has begun to set. otherwise the Portland Cement will be 
brought to (he surface. To give a glassy finish, men often keep 
working the surface with their trowels over and over again for some 
time, sprinkling it with water as well. This should not be done, as 
i' breuks up the initial set of the cement, and renders the surface friable 
and unable to resist wear. A single trowelling must suffice, even if 
the appearance is not so good as (hat given by repeated trowelling. 
Neat Pordand Cement should not be "dusted" over (he top surface 
while being trowelled, as is done by some workmen, as it will only 
cause crazing. It is important that the foundation should be quite 
green — i.e.. tha( the work should be done on the same day (hat the 
finishing coat is applied— otherwise there is a danger of this not 
thoroughly bonding with it. Care should be taken in laying (he 
finishing coat that no sand or dirt be allowed to come upon the lower 
coat, otherwise a proper union will not be obtained. No section should 
be left pardally completed to be finished with the nex( batch on (he 
same or the following day. 

The finished path should be carefully protected from dust, 
dirt, currents of air, and the sun, as well as from all traffic of men 
or animals, during the process of setting and hardening. For this 
purpose it should be covered as soon as set with sand, straw, Buwdust. 
or other similar materials, and kept thoroughly wol. In breweries, 
laundries, stables, dairies, urinals, sewers, etc., no liquid but water 
fhould touch the moist concrete (ill it is thoroughly maltircd. All 
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paving: should receive a wetting about Once a week for three 
months at leasl. and preferably longer. 

Where paths are made of a narrower widlh ihan that illustrated, 
the palh may be formed ol a single slab in width, and in this case 
every allernale sec I ion should first be concreted and ihe section 
brlwcen them fillfd in oflorHards. Fig. 133 shows such a single-slab 
path. I'hc edges of the paths are rounded with the tools shown in 
l-'ig. S3 on page lOi. If any indentations are required in the palh to 
give a foothold, this may be done with a roller as shown in Fig. 6i 

CONCRETE rOS KOADS. 

Kerbs may also be (armed in concrete, with a foundation Ol broken 
stone, gravel or cinders without the admixture of any cement, or u( 

concrete as &ho\vn in Flg^, 135. 

The manner ol executing these kerbs follows very much on (he 
lines of the method adopted fur paving, and Figs. 135 and 136 ciparly 
show the kerbs and the form for same. I'he kerbs may be 4 in, to 
7 in. wide at the top, and £ in. to iS in. at the bottom, with a face 
6 in. to 7 in. above the gutter. The concrete base or foundation should 
be 5 in. to 8 in. thick; the broken stone foundation should be 11 in. 
thick. The concrete kerbing, like (he paving, should be built in sec- 
tions 6 It. to 8 ft. long, separated each from the other and from the 
path by tar paper, laths or a cut joint, in the same way as (he walk is 
divided into blocks, so as to avoid trouble from expansion and 

Fig. 136 shows how slakes are driven and boards inserted tO form 
the under layer of concrete, the ]-in. board being removed as soon as 
the kerb has sufficiently set to stand its own weight without bulging, 
and the finishing coat filled in the space and over the top of the kerb. 
The concrete foundation may be proportioned 1 Portland Cement to 




Fig. 1S6. Concreta Kerb. 
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3 of sand and 6 larger aggregate. The kerb itself should be propor^ 
tinned i Portland Cc-ment, 2^ sand and 5 coarse material, while the 
finishing coat is composed the same as for paths. Where kerbs have 
to sustain heavy traflic the edges should be fitted with angle steel 
corners to take the abrasion of wheels. By such means granite kerbs 
can be dispensed with. In all cases the edge of the kerb should be 
bevelled or rounded to prevent chipping. 

Gutters may be formed in conjunction with the kerbs 16 in. to 
20 in. wide, and 6 in. to 9 in. thick. They are also formed with 
1:2^:5 concrete and a finishing coat of fin.2 material, as for kerbs and 
paths. 

J"''f>- U7 shows a form of concrete kerb and channel block for roads. 
This design obtains a result which could only be done in stone at an 
entirely prohibitive cost. It will be noted that the kerb has a projec- 
tion upon the outer face upon which the channel block, which is also 
formed with a projection, rests ; this support and the joggle joints keep 
the blocks in position and preserve a rigid length for either paved 
streets or macadam roads. The cross section of the blocks, it will be 
noticed, also has the sides battered or sloped, 'i'his gives a wider bed 
upon which the blocks rest, and also they leave the mould easier 
when made in this way. The channel has a dishing J in. deep at the 
centre on the upper surface. 

Concrete for the construction of roads to serve as a wearing surface 
as well as a foundation has been used in rather a tentative way. 

In towns, nowadays, a great deal of the traffic is by automobiles 
for which nothing can be better than a concrete road. The motor- 
racing track at Hrooklands is laid with concrete. 

For the reason that the work has not been properly constructed it 
does not appear to be favoured in Great Britain by borough surveyors 
except for forming the foundations of roads for a wearing surface of 
wood blocks. In the United States of America, however, a great many 
roads with concrete wearing surfaces have been constructed, and have 
given satisfaction. At Richmond, Ind., some of the earliest concrete 
roads were constructed, the first being in 1896, which is now nearly 
15 years old, and it has been in continual service for the whole of that 
period without having cost one farthing for repairs. Extreme care 
was taken in the construction of this road even in all the seemingly 
minor details, the proverb which apptjars to have governed its builders 
being that '* perfection seems to be made up of trifles, but perfection 
is no trifle." The natural subsoil being gravel, there was no founda- 
tion of rammed hard core as usually provided. The concrete was 
proportioned i part cement, 2 parts sand, and 5 parts coarse material, 
and was laid 5 in. thick after rolling, with a top surface i in. thick, 
proportioned i part cement to 2 parts sand. The wearing surface was 
cut into blocks about 5 ft. square, and the surface indented with a roller 
such as shown in Fig. 61. In subsequent work the roadways have been 
cut into blocks 8 to 10 ft. square, and in some cases 30 to 40 ft. 
square. The joints between the blocks, both transverse and longi- 
tudinal, were i in. wide and filled with paving pitch. Experience has 
shown that this is not an advantage because the edges of the joints get 



CONCRETE FOR ROADS. 



17? 



Co»crtta ktrb a*d chaand. 




Citanntt block. 



178 CONCRETE FOR ROADS. 

chipped in wearing, and so the blocks are made as large as possible in 
order to reduce the number of joints, and the joints are as thin as 
can be made. 

Experience has shown that blocks lo to 15 ft. square are about as 
large as can be employed without developing temperature cracks, but 
as has been referred to elsewhere, by the provision of reinforcements 
these temperature cracks can be prevented. Grooves or projections 
on the surface are objectionable for the same reason as too many 
joints. They result in the concrete becoming chipped by the 
hoofs of horses. Moreover, they catch and collect the dirt, so 
interfering with the work of cleaning the pavements. Sufficient 
foothold can be given by the indentation of the surface, and it is also 
contended that sufficient foothold is given by merely bringing the 
concrete to a face with a cork or wood float which renders it rough 
and gritty. A surface coating of i part of cement to 2 parts of coarse- 
grained sand is best. 

For roads the concrete should be mixed wet and well rammed in 
place ; the joints are cut through the concrete and merely filled with sand, 
and before the concrete is finally set a top surface coating is applied, 
the joints therein being directly over those made in the concrete below ; 
these joints, however, should be made with a fine jointing tool such as 
\ illustrated in Fig. 5a, so as to leave as thin a joint as possible. 
y For very heavy traffic, 6 in. of concrete with a 2 in. top surface 

might be advisable. Concrete roads have also been made without a 
top surface of finer material ; in this case, however, the concrete should 
be made with small stones and somewhat richer in cement, say, 1:2:4, 
with f-in. aggregate. If there is a large stone on the surface there is 
a tendency for one edge to wear loose, so providing sufficient leverage 
to tear the remainder of the stone from the concrete. 

Macadam, the great engineer road builder, after whom were 
named macadamised roads, used to state that if one could get stones 
broken into cubes of uniform size of about z in. square, and once 
could get them laid, one would secure the ideal road. It is difficult 
to maintain a road composed of irregularly shaped fragments of irregu- 
lar size where there is rapidly moving traffic. Bearing this in mind 
a rather novel form of road has been recently constructed in America. 
Irregularly shaped stones that are objectionable for macadam roads 
are taken and squared as it were by the use of Portland Cement. 2 in. 
cubes of concrete, with these stones as the coarse material, were made by a 
machine similar to those used for moulding bricks, a number of cubes 
being cast all at one operation. The cubes were laid evenly on an ordi- 
nary foundation of stone or gravel, as would be employed for the founda- 
tion of a macadam road. After the foundation was made firm by the use 
of a steam roller, gravel was distributed over it and rolled into place to 
give proper curvature to the road and provide a smooth bed on which the 
cubes were then laid, and a small amount of somewhat fine somewhat 
loamy gravel spread and worked in with a broom. A heavy steam 
roller (10 lo 12 tons) was then passed over the whole of the surface 
forcing the cubes to talce a proper bearing on the supporting gravel base. 
The surface was then watered and more fine loamy gravel spread over 
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the top and brushed in, and again thoroughly rolled. This type of road 
should be extremely serviceable. 

In grouting granite setts laid as usual on a concrete bed, slow- 
setfing Portland Cement should be used mixed i part to i part of 
sand, and fine sand brushed in on top in the usual manner. An 
experiment was made by running a steam trolley with a 2-ton 
load, over portions of granite setts grouted with mortar made of 
quick, medium, and slow setting cements respectively. The initial 
set of the quick cement was 3 minutes, the medium 20 minutes, and 
the slow 2 hours ; the final set of the quick was 30 minutes, the medium 
2 hours, and the slow 6 hours. The trolley had a total of 6 tons on 
its four wheels, t.«., i^ tons on each, and it was run over some pieces 
of wood 3 in. diameter to create a bumping action. The joints 
of the quick-setting cement were broken wherever the wheels went, 
this cement having evidently been killed ; the portion done with the 
medium-setting cement showed a crack or two, while the slow-setting 
stood well. The time that elapsed from the time of gauging to the 
time of test was zoo hours. 

JOINTS IN DRAINS. 

The customary method of jointing stoneware and. cement drain 
pipes is to use cement, but mistakes are often made in 
this work. It should be remembered that neat cement should 
not be used, but a mixture of i part of cement to i part of sand. 
The best plan is to fill the whole of the space in the joint with cement 
mortar without putting in any gaskin or other material, though one 
often finds it required that the socket should be practically filled with 
gaskin. The inside of the socket, and the exterior of the spigot should 
not be glazed, and care should be paid to this point; if the glaze has run 
over the surface to which the cement has to stick, then this surface 
should be chipped. The gaskin is particularly objectionable, for, firstly 
it allows some amount of play in the pipes, which allows them 
to sag, and thus breaks the seal between the pipe and the 
joints ; secondly, because it allows of inferior workmen making 
the joints ; and, thirdly, because the joints will not stand any pressure 
if subjected to vibration. The most important point at which the joint 
should be perfect is between the end of the spigot and the bottom of 
the socket which cannot be obtained if gaskin is used. Cement mortar 
joints should be absolutely rigid, and drains should be laid on a foun- 
dation in which there is no possibility of yielding or uneven settlement. 
Sometimes failures result from various other causes. Another cause 
may be the uneven expansion of the concrete bed, especially if made 
of cement with free lime in it, or ground or lias lime, and if it is not 
of equal thickness, as, for instance, when deep holes are filled up in 
the bottom of a trench ; such expansion lifts the pipes off their bed. 
This can be overcome by seeing that the foundation is of even thickness, 
and that the concrete is made with good Portland Cement. 

The pipes are generally encased in concrete for their protection* 
against the material filled into the trench, and as an additional safe- 
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guard against internal pressure. Often a pipe line is damaged by 
uneven or careless fitting of the trench, or by workmen knocking the 
pipes, or by debris failing inio the eicavation ; this in great port can 
be overcome by encasing the drain carefully in cement concrete. 
Often failure occurs by testing, or filling in tlie trench before the 
cement is thoroughly hard ; the remedy lor this is lo use a quick-selling 
cement, find if the cement manufacturers are informed of the purpose 
for which the cement is required, there wilt be no dilTiFUlty in having a 
special quality supplied suitable lor jointing drain pipe;:, by the use of 
which the pipes may be quickly tested allcr the joints have been made and 
tiK trench also quickly filled In. The failure ol joints in a lest may, 
of course, result either from an Improper form oi joint, or from the 
insurhciunt adhesion of the ccnicnl mortar to the pipe by reason of the 
surface being filaii'd as before mendoncd. 

MANHOLES AND CESSPOOLS. 

Fig. 138 shows a reinforced roncrrle manhole used in dr.-ijns I.T 
the main line of the Midland and (ireal Northern Joint Railway. The 
manhole is moulded, and merely set in position in the ground. 



Fig. 136. Honftols, Jftdlonil and Or«at Ncrthwn Joint Bailwey. 
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PIPES, MAINS. CONDOITS AND SEWERS. 

Reinforced concrete has been used extensively for Chi 
o( aqueducts, pipe lines and sewers. A considerable pres^ 
ran be resisted by reinforced concrete mains, atid their U 
is shown by over twenty years' service. 

Fig, 141 shows a reinforced concrete water main. These pipes 
haue a sheet of steel or iron in the centre with bars wrapped spirally 
round outside, and similar bars of smaller size placed inside, the whole 
being concreted inside and out. The sheet of steel or iron serves to 
make such pipes watertight under a great bursting pressure. The 
rods wrapped round, however, give Che real strength to the construction, 
and the concrete protects the steel thoroughly against corrosion, i.ioo 
yards of such water mains have been laid in Swansea, and Fig. I42 
illustrates the preparation of the reinforcement before concreting. 

Concrete electric conduits for carrying mains and wires are now 
extensively adopted, either being formed in lilu or moulded in sections 
and laid like iron or earthenware conduits. 

Concrete sewer pipes up to 1 (t. 6 in. internal diameter and even 
larger are now manufactured by a number of firms, and can be 
obtained as regular arliclet of commerce. They have lapping joints 
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or are put togelher wilh a capping ring consisling of a short length o( 
pipe of larger diam^Icr, the joint being made wilh Portland Cement 
mortar or Portland Cement grout. 

Plain and reinforced concrete tubes are now extensively used (or 
sewers in substitution for brick, glazed earthenware and iron. The con- 
crete resists the action of acids, and is very durable in running water. 
The cost is usually less than (or brick or vitrified pipes, and though the 
latter, perhaps, are cheaper up to l8 inches diameter, the extra cost 



fig. Hi- Reinforevd eqncrete s«tc«r at Acton, Londaa. IF. 
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of concrete pipes is warranted. The pipes are egg-shaped or circular 
in section as shown in Figs. 144 and 145, the former giving a faster 
flow with a reduced quantity of sewage. Though a glazed surface 
gives a greater velocity of flow than concrete, yet the imperfect joints 
in a glazed pipe compare unfavourably with those of a concrete pipe, 
which are quite close and offer no resistance to the flow. Such pipes 
can be easily reinforced so as to be of any • desired strength to resist 
any ordinary pressure. Reinforced concrete pipes with a steel skeleton 
protected with about a ^ inch of concrete have been in use for the 
Paris sewers for 17 years now without repairs being necessary, and, 
when portions have been removed to make junctions, have been found 
to have suffered no deterioration from such service, being as good as 
when first put in. 

Fig. 143 shows a reinforced sewer in course of construction at 
Acton, London, W. 

Fig. 146 shows the construction of a reinforced concrete sewer for 
the Urban District Council 
of Great Crosby. Owing to 
the unstable and water-logged 
condition of the subsoil it 
was necessary to exercise the 
very greatest care in the con- 
struction of this sewer ; and 
it is stated the ground could 
scarcely be worse, being 
composed largely of sand 
and peat, water-logged at a 
depth of 2 feet to 3 feet be- 
low the surface. The dia- 
gram shows how the diffi- 
culties were overcome. First 
of all, a layer of concrete 
was put in the trenches be- 
tween the wallings which 
were left in position, and in 
this concrete were embedded 
ordinary jubilee track rails 
combined with steel sleep*»rs 
for reinforcement, these not 
being required for further 
service. Upon this bed of 
concrete was placed a spe- 
cially-moulded concrete block, 
upon which was laid a rein- 
forced concrete pipe, and the 
trench then filled in with 
concrete. This was the 
method adopted on the fore- 
shore for a length of 120 
^ards. It is joined at another 




Fig. 146. 
5«ciiof» through teio«f,< 
Great Cfotby. 
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nature of the ground, which was composed partly of large boulders 
and partly soft earth, necessitated careful consideration in Ihc prepara- 
tion of the design, but the conduit illustrated would be equally appro- 
priate in many c 
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expanded metal sheets are embedded to give 
the necessary resistance to either external or internal pressure. The 
manner in which the work has been built, together with the centering, 
is clearly shown in the view. 

The leakage of wafer info tunnels, sewers, etc., if coming through 
in isolated spots, can be remedied by cutting a small tapered hole 
from the inside of the tunnel or sewer, enlarging somewhat as the 
depth of the hole increases, so thflt when filled w'lh Mpient in tl)e 
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Fig. 148. Storm wattt teieer at Salbitrn-iy-the-Sea. 
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form of a wedge (he pressure of the water from the outside w!11 help 
to bind up rather than loosen the cement plug. Having cut the hole, 
tallowed waste forced into the back will hold the water for a sufHcient 
time to allow of the hole being filled with stifOy-gauged quick-setting 
cement. When the cement is set the pressure of the water cannot 
force [he cement plug out of the hole by reason of its larger diameter 
at the end nearest the water. Kigs. 150 and 151 show (1) (he rein- 
forcement, and (j) complete section of the main delivery pipe recently 
built for the Mexico City Waterworks, 



Fiv, 162. Arch culvert. 
CDLVERTS. 

with rural roads and estate work concrete culverti 
have come into general favour. They should be built during the dry 
season, if possible, or the water may be diverted during their construc- 
tion by building a dam above the culvert and conveying the water 
away from the work by means of a wooden trough or pipes. 

Typical culverts are shown in Figs. 149 and 151. Trenches for 
the foundations are excavated below the frost line, say about 3 ft. wide. 
THe foundations are usually constructed by the side of the stream, the 
Boor, formed upon the bed of the (tream, revting on these foundation!. 
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the side walls ar« built up and a cover placed Ihereon, the concreting 
being done upon a centering, very much the same as the circular form 
illustrated on page 68. For culverts of more than lo ft. diameter it 
is advisable to use reinforcement, which may consist of a meshwork 
or a lattice oF steel rods. 

HOUSES. 

A further purpose to which concrete is specially applicable is Ihe 
erection of cottages for agricultural labourers, tenant farmers, estate 
agents, and the like. The concrete blocks, of nhich cottages are 
chiefly built, can be made by ordinary labourers and estate workmen 
u'ltbout the help of skilled arlizan^. and in many cases cartage, except 
that of Ihe cement, is saved, all other materials for the concrete being 
fonnd upon the site. 

For house foundations trenches iS in. wide and 6 in. deep 
require lo be filled with concrete to the cellar level. If there be no 
cellar, the foundations should be carried below the frost line. The 
concrete should be composed of i part Portland Cement. 2^ parts sand, 
and 5 parts broken stone or shingle well rammed in place, and the 
whole of the site should be covered with a 4-in. layer of it as before 
described on page l68. 

Partition walls may be built 4 in, or 6 in. in thickness of solid 
concrete, placed between ^rms as bel9re described, and on a proper 
foundation. 

if walls are built below ground, as for instance in cellars, they 
should be of solid concrete, and care should be taken that the forms 
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rig. \H. Centrete Usnor Bouit at Port CkeiUr. Nev York, 



Fif. 1S6. Bunjoiouj at Camegie, Pa. 
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rcMnain in position for three or four v.'EPks if earth be mled in against 
(he back of the wall. 

'■'iB- 'St '^ '' phologruph of two si^mi-dHnfliod villas al Paisli-v, 
Iho walls of which arc built of hollow concrete blacks. The balls on 
(he pillars anil the roping wire all made in special moulds by Ihc aid 
of I he machine lor making the blocks. The average cost of Iho 
blocks was siati'd (o be 4d, each, and they measured 6 in. long. 8 in. 
high, and lo in. thick. The body of each block was made of 4 parts 
gravel and sand to 1 of cement, while the face of the block ivas made 
ol crushed granite and cement in the proportion of 1 lo 1. 

(■"'K^-' 155 '0 '.i? -^how some piftiirreijue types of bungalows con- 
structed''of concrete built in situ, 

■ Kig. i6r shows n house thai has been built of concrete blocks. 
while Kiji. 1.14 "" page 192 shows a large mansion entirely consltucted 

'""'B*- 'i^ 1"'' '.W show some inleresting examples of concrete 
slab house-, built about 1R7R. at Crovdon. Kig. 158 shows a block 
of collages, and Fig. 1511 a house in Friends Road, Croydon. The 
walls of these collages, both inside and out, were constructed of 
concrete slabs about i in. thick screwed to limber framework, and in 
some of the larger houses the floors were of concrete slabs placed upon 
massive oak beams which give a pleasant old-world effect lo the 
rooms, and al the same time provide a substantial lire- res is ting floor. 
The floors were built with a double thickness of concrete. These 
slabs, of course, resist (he weather, are equable in temperature, and 
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domestic uses. In a haute which he built for himielf at Crojdon he 

had a large conservatory in which there were elaborate concrete 
shelving' and rockeries. 

Caps to chimneys can be cast in concrete, which generally protects 
the chimney better than bricks. A bottomless box should be made 
the size of the required cap, and one or more small bottomless boxes, 
to correspond with the flues of the chimney and i in. higher than 
the large box, should be placed within. The concrete may be tilled 
in and sloped off on the top so as to allow the water to run oR ; its 
thickness is usually about 4 in. A reinforcement may, with advantage, 
be used, and should consist of metal meshwork or o( j-in. rods placed 
lattice-wise. The cap may, if desired, be built in place. In Ihat ca^e 
the form should be placed in position on the chimney, reinforcement 
put therein and the concrete filled in in the ordinary war. Chimney 
cap« should be bedded in Portland Cement. 

VAKIOUS BUILDINGS. 

Fig. j6j illustrates a plpa^iiig architertural treatment of a village 
halt in the "village of St. Petroc Minor, Cornwall, The hall r 
50 ft. long, 24 ft. wide, with a wing attached constructed as 
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laker's house, the 
plan being L-shap«d. 
The walls are of ron- 
crcle blocks cast en 

the site, each block 
measuring 31 in. long, 
Q in. high, and 10 in. 
thick, VL'ith a cavity in 
the centre to rendir 
the wall damp-proof 
and more equable in 
temperature. The 

blocks were composed 



and constructed undrr 

the supervision of Fig. 183. 

amateurs. The donor. Concrete rhininev viecc in Villag 

Mr. Athelslan Riley. 

offictated as architect, while the local chut 
as clerk of works. There is 

Ihcr with a contrct" rhininoy piece shown in Fig. 161 
cost undiT ;i'700, or about fild. per cube foot, which i 
.- eotisidcring llie ornamental charncler of the work am 
interior fitments. 



Fig. 163 I'llloj* £7all. St. Fctrac Minor. Cornwall. 
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164 to 166 " 



show applic! 
o n c r c I c building 
blocks to Ihe con- 
struclion of buildings 
of somp im porta ntc. 
V\g. .b4 is a view 
o( the Queen's 
Skating Rink st 
West H a r t I e- 

Kig. 16s shows the 
I'resbytery at Stock- 



are ol reinforced concrclc. 
i the corridors arc laid in 
:ure of the building is lh« 
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Church at Sundcrlmd, 
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Pjfl. ni Molur 



: □( glazed brickwork. Tht skutiii^ r 



concreir, and is a picluro-iijue and suggeslivc urchilecturul irFalnient 
ol Ihc malcrial. In Iropkal cuuntrits, of course, The dcslruclivv |jro- 
pcrlics ot while ants and dry rot have lo be reckoned nith, und furlhcr- 
niore, buildings are required lo resist larlliijuakc shocks, su that 

slyic o< Ihu building,' gencruily izi Spanish Kenaissancr. and it has a 

and chancel arc. ^vidth bu ft., length i8u ft., the small transepts being 
.<j ll. long by [S ft. wide. The I wo towers Hanking the main 
entranen are ili ft. sijuare by 57 It. high. The vertical walls arc 
double or hollow. 

■■'in- lOS illirtlrates amiLliiT church ol n-inforc.-d ci.ncrHe h:nin(; 
u vau'tcd and domed roof in concrete, rtin forced wilh sheds of 
expanded steel. 

I''ig, i6<i }.ho»s Ihc inlirior of n church in fiothic slyle con- 
slruclcd of some 300 tons of Christie artificial stone, i.e., Portland 
Cemcnl concrete. 

\"ifr. 170. views arc »lnn\n of a thurcli eroded at Sunderland in 
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Fig. 171 shows a motor-house constructed of concrete blocks, 
measuring 12 ft. by 20 ft. by 9 ft. 4 in. The floor is also of concrete 
5 in. thick, as well as the roof, the latter being reinforced. 

Motor pits are very necessary for the proper overhauling of the 
interior of cars, and Fig. 172 gives details of the construction of a 
pit in concrete. Satisfactory dimensions have been found to be the 
following: 6 ft. by 3 ft. by 4 ft. 6 in. ; but these can, of course, be 
varied according to circumstances. Iron and similar materials liable 
to cause sparks from nails in boots should be avoided, so that the 
steps should be wrapped with cloth. A shelf or recess on either side 
of the pit is an advantage, enabling the person in the pit to keep 
the tools, etc., handy. A suitable cover can be made of 2-in. boards 
to each of which a sunk lifter should be provided. 

Fig. 173 shows a fire station in Sedgwick, Alberta, Canada, built 
of hollow concrete blocks. 

Fig. 174 illustrates the Ferry Tower at .San Francisco, which was 
constructed after the earthquake that occurred there in looj- It is 
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Fig. 172. Motor pit. 
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parliculorly intercsling because llierc was sonic sort 
sieel-fcame eonslruction and leinforced concr 
which was lh« twst as regards general economy and resistance lo 
earthquake shocl<. The steel-frame advocati^s who erected this tower 
ivilh a fkflelon franifwork ol steel were, however, averse to employing 
brick walls becatise the earthquake had shown that these were shaken 
olf the steel framework, so the walls of this lower are of reinforced 
concrete. thou;jh the frame is of steel. It shows the elaborate archi- 
tectural treatment that may be given lo the concrete. Most of the other 
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buildings in Sun I'rancisco even if of stoel-frame construclion have 
finforcfd concrete wails now, but s great many of the buildings have 
hi-en reconstructed in reinforced concrete throughout. 

^'S- '75 shows u building erected to replace [he Royal Mail 
Steam Packet Company's offices at Kingston, Jamaica, which were 
destroyed by (he parlhquake there some lime ago. Reinforced con- 
crete is being extensively used in the rebuilding of Kingston because 
of its proved resistance to earthquake shock. 

A number of theatres have been constructed in reinforced concrete. 
Kig. ij6 is an example. .At one time it was customary to 
construct stands for speclntors of timber, and much timber 
work is still done in this nay. but the cost of heavy limberinf; 



Fib. I7S. Roval Uajl Sleont Packet Co.'i fiia OlUce: Kinoilon. 

is very great even i( the structure is only temporary, for after Ihe 
limber is removed there is much waste on it and it is considerably 
damaged, and largfe timbers arc not at all cheap to buy. Reinforced 
concrete has therefore come into irise for such purposes, and o numlwr 
uf large stands have been rreclt'd at various football grounds and 
race courses. Fig. 177 ^hows such a 'land at the Warwickshire Rbc 
Course, and Fig. 17S shows □ large stand erected ut the Bradford 
F'cotball Ground. 

Fig. 17<) shows the plan o( the roof, together with details of (he 
reinforced concrete construction of some underground lavatories erected 
at Bridlington for the Town Council. It will be noted that some of 
the walls are reinforced concrete while other* are of brick ; Ihe reason 
for this was that the latter part of the lavatories wa« built about 15 
years previously, and they were enlarged and a n«w roof substituted 



VARIOUS BUILDINGS. 



VARIOUS BUILDINGS. 



VARIOUS BUILDINGS. 



212 



VARIOUS BUILDINGS. 



for the old. The new walls had to retain the earth so they wcrt 
constructed with counterforts as shown in the section. The roof was 
covered with asphalt on top of the concrete. The retaining wall is 
5 in. thick, and the size of the roof beams and the thickness of the 
flat roof is marked on the plan. Several underground lavatories have 
been built for the same corporation, and ihe Borough Engineer esti- 
mates that quite 30 per cent, of the cost is saved by adopting rein- 
forced concrete, because instead of heavy retaining walls being re- 
quired, such a light wall as shown in this case can be substituted, 
while there is no necessity for putting on a massive concrete roof 
sustained in the old-fashioned way upon steel joists spaced about 3 ft. 
apart. 

L'rinal stalls of concrete have been used exttmsively for a number 
of years. The concrete is moulded with a rich mixture so as to give 
a very impervious glassy surface, and the detailing of the structure 
can be similar to that used for any form of glaze-ware or brick 
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construction. In many cases the cement rendering on a brick wall 
will serve the purpose, and in that case a richly-proportioned plastering 
about I part of cement to 2 of sand is put on the wall in the manner 
described on page 84. 

The crazing or cracking of glass, opalite, porcelain tiles and 
other facings fixed upon a cement backing (much used in underg^und 
conveniences) which sometimes occurs, is often due to the fact that 
the materials have been embedded on neat cement mortar. A mixture 
recommended for such work is equal parts of cement and sand. 

For temporary urinals where a water supply is not provided, 
prrparations are sold for coating the concrete in the form of a paste 
so as to serve as a disinfectant, the properties of which last for some 
considerable time. 

Cement is a much more economical material for the foregoing 
Ihan sheet lead which one often sees used. A cement and s.ind surface 
to a timber building can be easily plastered on sheets of metal or even 
wooden lathing. 

Allied to the subject of walls and pavements is the construction 
of fives and racquet courts. Both these require high walls and a paved 
floor, the chief difference being that in the former game the ball is 
struck with the hand, whereas in the latter it is struck with a racquet, 
but it has to bounce against the wail and floor, both of which should 
present hard, impervious, unbroken surfaces. Reinforced concrete is 
particularly appropriate for such construction. The walls can be built 
thin, panelled at the back, i.e., stiffened by ribs, braces and buttresses. 
The reinforcement need only serve to resist stresses, and the effect 
of trmprrature changes which would be inclined to crack plain 
concrotp. The surface Hnish of the walls should be trowelled cement 
and sand, the work being done the same as is described for plastering 
on page 84. The floor is brought to a level surface the same as 
tirsrrihi'd for pavement cons! ruction on page 168. The wall requires 
to have a line clearly marked upon it above which the ball must be 
struck, and this wall can be made a prominent feature by special 
white cement or by forming it with a finish made with a while 
material Kuch as is described on page 112, or if preferred the line 
can be put in with a mixture coloured black. In the game of fives 
each public school has its own variant, the Eton game being the most 
complex. Fig. I So shows a fives court on the Fton model. The 
omission of the ** pepper-box " and of the various splays and offsets 
makes (he court practically like a small racquet court, which is the 
more u.<;ual form for private houses and schools. 

The foregoing remarks about unbroken surfaces apply also to 
the construction of tennis courts. If the courts are covered the 
construction of the building will be similar to that of other structures 
referred to in these pages. They may be of plain concrete, moulded 
in situ, or of reinforced concrete or of concrete blocks. The floor of 
the court itself should be reinforced to prevent temperature cracks, 
and the marking of the court can be made prominent by inserting 
a strip of coloured cement and sand finish i the court itself being 
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Fig. lea. A reinforced conerfle .o/c, ^^^^^^ ^j explosives, ye't 

the steel rods hold (he concrete in place and remain in posi- 
tion even .ifter Ihr conrrele is removed. An o.vyacelylenc blowpipe has 
little fiftrcl upon loncrele, and to cut a hole ilirough n reinforced 
roncrete wall, and to saw or fuse through the reinforrement, would 
lake a good ileal of lime, ;ind the barrier offered lo burglars 
i- almost iniurniountable. Of course, in such -jI rong-rooms Ihe 
rrinforcing bars should be about i in. diameter if valuables arc lo 
Iw stored, but for ordinary purposes, where the Mrong-room is for 
guarding documents against fire, only small bars are necessary. Fig. 
iKi shows ji burglar and tire-reMsting strong-room in which Ihe 

\ more novel application still i< the conslruclion of a reinforced 

1 fi. 4 in, by 2 ft. 4 in. by 3 ft. high. The walls and door are 4 in. 
thick, reinforced with [ in. misted >leel. the lock and hinges being 
east in Ihe centre ol Ihe wall and door, and, to maintain the uniformity. 
Ihe handle U of twi^ilcd ^teel. the safe being home-made in every 
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monotilhie toncrete 

iR; rc-late to work done on the farm of Mr. Charles Wall, J. P., at 
(ifal runficld. near Dunmow, ninolcpn years ago. The most in- 
tcrr>itinf; point about this work is that murh of it tvus done with Ihe 
coarse material lying to hand. vi7,, cM-aval*^ flay, burnt to ballast. In 
some cas(«. however, Mr, Wall uso<i cinders and g'rit, which had to 
be brought to the site, 

Mr. Wall's idea was that concrete would be more econonucal than 
briclfs, and that (he nialcing of Ihe blocks wnuld provide work 
for hij men in the winter. These were made on hisi barn floor. 
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Fig. IS6. Slnbtf of toncretf blocki at Great and tthi-rc thpv can 
t:„nMd. ,ntk Hn^^ «> the roflr-. m^lerM. ^,,,1, ,„ ^„,^,^ ' ^^ 

used the material not only in blocks, but also monulilhically for v 
round his moal (Fig. lH^), for a barn (Fig. 183), a stable (Rn- 1 
;i laundry, a piggery (l''lg. 18b), and glass-house walls, and f( 
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Piff. 187. Water loictr at Gttat CanHeld d/ 
keep out the rough cut rmn/oried monolithic concrete. 

frost. V e n I i I Q t i o n "'''" '""'' "'"' "' tonerete. 

is obtained by making Che permanent sashes open from inside at the 
top, so that straw may be thrust into the opening. This has answered 
admirably, the apples having been kept good till May. Mention should 
be made of a simple hlter tank for water provided alongside the moat. 
The wall of the meat is 6 in. thick, and bein); made of burnt clay ballast 
only is permeable. The tank is placed alongside the moat with its floor 
al the same level as the bottom of the moat. Its wall is of rouffh 
conrretc 6 in. thick and is at a distance of li in. from the moat nail. 
The inlcr\-ening 6 in. is tilled with clean sand, which is renewed from 
lime to time. The water goes through the moat wall into the sand 
and out of It through the lank wall into ihe lank. The ballast for 
the moai walls was obtained from the clay excavated from Ihe moat. 
Thr work at liorris, Co. Carlow, Ireland, here illustrated, was 
dono on the large estate of Mr, \V. McM, Kavanagh. J. P.. D.I,., at 
various periods during the last few vears. The large ealtle shed illus- 
irated in Fig, ifi8. cnnstructe.l in' iqm. .so salisfied the owners rs 
to the advantages ol concrete for farm work that a large amount of 
concrete work has since been done continuously on Ihe estate. This 
cattle shed is loo ft, long by 50 ft. n*ide. It was originally a dung 
pit having a n-all round three sides of it, and during Ihe winter months 
iva* nothing less than a swamp, in which catllc invariably sank up 
to the body. It was decided to cover over Ihe pit and converl it 
inio a cattle shed. Concrete pillars, iS in. square and 11 ft. 
apart, were built on the existing stone wall, as shown in Ihe 
photograph. In the top of each pillar an iron plate with two 
large projecting bolls was embedded. The bolt -ends were connected 
to the steel roof trusses. Down the centre of the shed and along 
the fourth side steel stanchions are used, embedded 5 ft. deep in the 
boggy ground in pillars of concrete. The floor is concreted to a depth 
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of I ft,, and has a gradual fall (o a large concr^ip lank 11 fi. square 
and S ft. deep. The valuable liquid from this lank is pun.ped out 
and used in the gardens and on the [arm. The building has turned 
out a very valuable inveslmcnl. The manure (amounting to about 400 
loads per annum) is now worlh is. per load more ihan it uSi^ (o be. 
In summer (he shed serves as a line shelter for the cattle, with room 
for 40 beasts. In rainy weather the men are put in to turn the 
manure, and the shed is also used lor shearing sheep, for lambing- 
ewes and for young lambs in the early spring, 't'he cost of construction 
was about £250. and has proved a lo per cent, investment. 

I'ijj. iXo illustrates a ronrrrli; pnssn;;.-, im ft. long and i.bout 
10 It. wide, in front of the large cattle shed, which was formerly paved 
with stones that hurl the cattle's (eel and were dillicult 10 keep clean, 
besides which seeds from the hay or straw dropped between the stones 
and produced a full crop of weeds. Instead of these stones bring 
picked up, a layer o( rough concrete was simply spieud over them (o 
a thickness o( 2^ in., and finished off with J in. smooth surfiicc com- 
posed ol 4 parts sand to 1 of Portland Cement. This surface was 
grooved in squares by pressing a irame therein, as shown. The paving 
has proved its value by saving labour, by its tidier appearance and by 
protecting the feet of cattle. 



a Ic bi. CaUlt ehed a 



CONCRETE ON THE FARM. 221 



. ISO Inlcrtor o/ carl ihed a 



CONCRETE ON THE FARM. 

N*e\t the calilc shed 
on the opposite side lo 
[his passage is a cow 
byre, Ihe floor ol wliich 
is similarly paved, :iiid 
ihe (avourablc resuK 
o( coiitrclc pavinj- is as 



A stone -paved lluor 
in a boiJer and mixin)< 
liuuw un ilie farm was 
also rtloid in concrt-H-. 
It usfd always to L.<' 
foul owing to fraK- 
mcnls of roots, etc, becoming fixed belivecn the stones and there 
decaying. Cattle food left on this floor for even a short while became 
tainted and was injurious to the health of the animals. It was also - 
a difKcull matter to shovel up the food into Ihe feeding baskets and 
buckets. The cost of concreting this floor has been amply repaid 
by savings as well as by the cleanliness of the place and the wholcsonie- 
ncss of the food. 

I'ig. i')U ilkisiriilivs Uiu interior iif a long cart shi'd. The ]hh livii 
shown is used as a rearing shed (or priie (owls. It is necessary to 
have the ground quite dry for Ihfse birds, and the shed was chosen 
for this reason. The floor is of concrete 3I in. thick, and with 
smooth impervious surface, so that it may be washed without fear of 
its retaining any of the moisture afterwords. The strength of the work 
is shown by the fact that the portion of the shed shown has been used 
for several years during the summer to store a large steam thresher 
weighing five tons. Down the centre is a division in the concrete to 
allow a frame lo fit in and divide the shed into sections. 

I''ig. iiji ilkisdatcs a sheep dipping trough and pens, (he whule 
(ornied of concrete with a timber (ence. The view shows the protective 
door over the top of the trough to prevent animals drinking the 
poisonous fluid. The trough is about 8 ft. long, 4 ft. wide, and 5 ft. 
deep. The floors of Ihe pens are of concrete. The sheep are driven 
into the pens in the foreground ; a man catches them in turn and 
hands them into the bath, in which each is held for one minute. A 
long sloping stairway, with cement grips for the animals' feet, leads 
therefrom, up which the sheep walk into the draining pen seen in the 
background. The concrete floor in this pen slopes towards the trough, 
so that as the sheep shake the fluid out of (heir fleece it hnds its way 
back info the tank, and little is lost. This could not be done with 
a brick or flagstone floor. 

Fig. 211 illustrates a line of garden frames 6u ft, lung by 6 ft. 
wide, with concrete walls. The woodwork of the frames was sent lo 
Ihe gardens ready made, and ordinary handy men mixed the concrete, 
arranged the forms, and fltted Ihe frames finally. The sai'ing in cott 
on materials alone effected by adopting this construction, instead of 
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I'ig. i-ij illiistriilis sonu' .rinp.u -'lu,-,,, work .hal has Im-<ii du.»> 
on lh<! end ot an old building allacbtd lo the mansion at Borris. The 
wall, buill of rough random rubble wilh granite stones, began to fall 
away in front, rendering jl necessary lo lake some means lo preser\c 
it. Conscquenlly It was rendered uilh a mixture of i cemtnl to 4 of 
sand, finished with a second richer coat proportioned 1 cement to 1 
of sand, marked out in imitation of stone blocks. Much similar work 
has been done 10 the mansion, a part of which is 300 years old. There 
would be but a very small portion of the older rubble walls remaining 
if they had not been fortified by Portland Cement stucco. The Portland 
Cement and sand rendering has been done a portion at a (imc, and as 
new work would look staring in its whiteness against Ihe old unless 
some precaution were taken, the following expedient that may be 
found useful in repairing stucco work was adopted : The Portland 
Cement rendering at Borris was made several shades darker than the 
adjoining work by the addition of soot or fine coal ashes. A few 
hot days' sun soon turns the new work to the desired colour. Concrete 
was first used on the Borris House Estate about 30 years ago, for 
large foundation blocks under two large turbines used fur pumping 
and sawing and turning limber. These blocks may be seen to-day in 
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the bed of the stream as firm as solid rock. The use of cone, ete was 
discontinued until the turbine foundation blocks had been given a fair 
test, (iradually other work was carried out in the material, I ut until 
1902, when the large shed above referred to was constructed, larger 
works were always executed in stone or brickwork. Nearly all the 
estate work is now carried out in concrete, although stone, bricks and 
lime arc in abundant supply upon the property, while there is plenty 
of timber and well-ecjuipped saw mills. Even the rubbish heap is 
turned to good account, as coal ashes, slag, etc., all come in useful 
in the making of concrete, which has been employed in ways too 
numerous to mention, ranging from a pig trough to a cow-house. The 
sewerage scheme has recently been extended, all the drains tcing laid 
on a concrete foundation 4 in. thick, f'or the design and superin- 
tendence of these interesting examples of concrete work the estate 
steward, Mr. F. R. Browne, is responsible. 

FEEDING FLOORS AND FARMYARD PAVEMENTS. 

It is far better to place ihc fodder on feeding floors formed of 
concrete than on the ground, according to the old method. 

To supply animals with food on a feeding floor is generally recog- 
nised as economical for the food, but there is another aspect, too, 
which ij> not so well recognised ; viz., that if the food is put on to a feeding 
floor the sole purpose is not to prevent the waste caused by it getting 
trampled into the earth, but also to prevent contamination or decay, 
and the dissemination of disease. Wooden feeding floors, of course, 
keep the foo«l out of the mud and dust, until they become worn. Bui 
they only temporarily maintain the hi-alth of the animals, as in a 
short while th"y become infected with disease germs. On big farms 
it has often been found necessary to burn the wooden floors to stamp 
out hog cholera. If a feeding floor is inad«' of cobble stones, or of fine 
dressed small stones, there are a nunib<'r of crevices between the ston« s 
in which the food lodges so that the animals do not remove it, and th<' 
food there lies to decay. Moisture also remains in such cavities, and 
food thrown on such a feeding floor, tlirough contamination with the 
food already remaining in the crevices, t]uickly goes bad. .Such a floor 
is neither economical nor heaiihy. 

Concrete provides the ideal feeding floor ; such floors not only 
effect a saving in food, a shortening in the time of fattening, and a 
decrease in labour, but they also afford perfect protection to the health 
of the animals. Concrete floors constructed with a proper fall so as 
to drain away any Tiquids falling on them, cannot become really 
infected with germs, their surfaces can be easily kept clean, and 
thoroughly disinfected with oils and dips. V'ermin cannot find a 
refuge in them as in the case of timber feeding floors. Not only do 
rats eat a good deal of the food, but it is now recognised that they 
are very active agents in the spreading of disease. 

Tests have often been conducted to show the economy of concrete 
floors in the saving of grain and manure alone, and the results have 
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proved, quile apart from the improved health of the itock, that they 
often pa; for themselves in but the short period of one ytar. Of 
course, on a feeding Door a good deal of manure is deposited, and it 
can be arranged so Chat the liquid drains to a sump, and used 
for watering the kitchen or flower gardens that are usually found near 
a farmyard ; the manure, too, is improved in quality as we have sliown 
on page mo. 

Concrete feeding floors are constructed practically in the same 
manner as any other concrete floor on the ground or concrete pave- 
ments, the manner of constructing which is descril>ed in foregoing 
pages. It should be noted, however, that round the outside edges of 
the feeding floor, it is well to dig a trench about iS in. deep by ii in. 
wide, and to fill this with concrete, to prevent hogs undermining the 
floor, and also to prevent rats nesting in it. Over the ordinary part of 
the tile, between the trenches, a foundation of stones, rock, gravel 
or broken brick, or other hard material has to be filled, but the trench 
should be kept open for the concrete which alone is tilled within it. 
The lay-out of the gutters can be arranged in any convenient manner. 
Either one or more manure pits can be provided for the liquid manure ; 
these manure pits require covers. The sumps for manure can be made 
in concrete, but they will have to be carefully done so as to give a 
watertight finish; this, however, is described in ('e:ail in the infornna- 
tion upon waterproofing elsewhere in this volume. The manure pit 
will require a special cover to allow the liquid to drain into it, but to 
keep out any other material. This is easily done by means of a 
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grating with a basket contrivance which can be lifted out to remove 
any straw or any other solid substance, similar to the ordinary gullies 
for stables. Light floors can be made 4 in. thick in concrete with the 
foundation extra below ; for heavy loads, 6 in. of concrete should be 
provided. It is well for these 4 in. and 6 in. floors to stand above the 
level, the foundation being well rammed up to the ordinary ground 
level so that the concrete that is laid thereon will stand proud ; the 
edges of the concrete may be kept true by the use of i^ in. or 2 in. 
planks. 

STABLES, COW-HOUSES. PIGGERIES. AND CHICKEN- 
HOUSES. 

Fig. 195 shows the adaptability of concrete for the construction 
of byres for the housing of cattle. The floors of such a building can 
be economically constructed of concrete, which can be made to give 
a foothold and to continue clean, sanitary and hygienic, by tne 
adoption of the expedients referred to in our description of internal 
paving. The walls, the stalls (see Fig. 197), and the roofs of such 
buildings can also be economically constructed of concrete. 

In byres and stables concrete feeding floors and gutters and feeding 
troughs are used. The concrete should be of good quality so as to 
prevent any dampness being conveyed up from the ground, and this 
will add to the comfort of the animals. 

Pig- '99 shows some reinforced concrete dairy cow stalls erected 
at a model farm at Winnings Colwall, Malvern. The mangers and 
floor are also of reinforced concrete. 

Figs. 196 and 200 show a piggery of an up-to^late character, built 
entirely of concrete, the roof being in concrete reinforced with steel 
rods. 

Fig. 201 shows some reinforced concrete stalls in stables erected in 
Whitecross Street in the City of London. The manner of constructing 
these stall divisions is clearly illustrated in Fig. 202. The cast iron 
posts were placed on a base inserted in the floor, and filled in with 
concrete, the slabs being moulded and inserted in these posts. The 
base had a rod passing up into the post and the concrete when filled 
in bound the whole together. The tops of the posts had a finial which 
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rig. 19T. ConCTita itall divfifoni in mic-houK. 

was screwed on to the rod which went into the base. 
WHS proportioned, 3 parts of rrushed shingle. 1 of Thames sand, and 
I of Portland Cement. The floors were treated with a finish of concrete 
made with granite chippings and were marked out in squares. The 
stables have now been in existence some years and have given everjt 
satisfaction ; their first coit was about half that of ordinary stall 
di\1sions in iron and timber combined. 
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Fin- IBS. Cow ttalli. mangtri, stc, Winningi Farm, Malvern. 
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Figs. 103, 104 and 153 show some eiamplH of reinforced c 
■t the Union Stock Yards of Chicago, where Ihe material is being used 
in Eubslitulion lor the old-style limber work. Fig. 153 shows the tvpe 
of fence which has been adopted for Qcnpral use throughout Ihe yardi. 
The posts are distinct from the rails, being moulded separately and 
assembled afterwards. Fig. J03 shows some of the callle pens which 
are of monolithic construction, the panels in the fence being a} in. 
thick. Fig. 10^ shows a number of troughs used in Ihe pens for 
watering slock; these troughs arc 16 ft. long, 7I in. deep, and 3I in. 
average thickness. 

Concrete is extensively used for the construction of drinking place* 
and water troughs. Fig. 305 :>hows a drinking place built by Mr. Fred. 
Ballard, on Winning's Model Dairy Farm, at Colwall, Malvern. It 
was formed by dishing down Ihe ground to the level of an agricultural 
drain that taps a small spring, and covering the surface with concrete. 



rig. 3M. Wmttrino lrM«h(, Chicoffo Uniim SUeh Tardi. 

It cost lees than los. Water troughs may be built without reinforce- 
ment, but they ihen require to be thicker than if they :re reinforced 
with a small proportion of steel. Troughs may be built Upon a (olid 
foundation or set upon corner piers or blocks. A common size is about 
S ft. long, 2 ft. wide at the top, and i) ft, deep inside dimensions. 
Figs. J04, J06 10 109 show two varieties o( water troughs. 

As a general direction for building such IrDUghs, we would advise 
the selection of a level piece of ground. A boltomless box is formed 
out of a in. boards, the inside measurements being 8 ft. by 2 ft. 8 in. 
wide and 3 It. 1 in. deep. The ground should be rammed hard inside 
the form and a layer ol concrete, i) in. deep, proportioned 1 
Portland Cement, 1 sand and 4 coarse material, tamped well on the 
bottom. A sheet of metal meshwork should now be placed on this 
layer of concrete turned up to within 1 in. of the top of (he forms at 
the sides and ends. Another ij in. of concrete should now be placed 
on the meshwork and rammed lightly m as to bring water to (be 
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Fig. 30t. Cotterttt drinkinf place for eatU* at Colmill. Hslvcrn. 
turfaM. Thii shoald be (moothed over carefully with a trowel, and 
tKe inner form, alightty greased, should now be pui in place, cafe being 
taken to keep it at an equal distance from the «des and eftfn. Thi* 
form should be made of a-in. boards and be slightl; wedge-shaped. 
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1 



rough. 



the outside dimensions being aboul S fl, long, i ft. 6 in. deep, and 
2 ft. wide at the top and i (t. 9 in. wide at (he bollom. The space 
between the two forms should now be tilled with concrete, tamping 
lightly. The meshwork in the sides of the tank should be kepi in the 
centre between (he forms. 

As soon as the forms are removed, any irregular! lies in Ihe surface 
should be smoothed ofl and, as soon as it is hard enough not to 
crumble, be painted with a pure Portland Cement wash or grout of 
aboul the consistency ot cream. 

If an inlet and outlet are required these may be made by pulting 
pieces of pipe in place before tilling in Ihe concrete, or greased tapering 
wooden plugs may be used that can be withdrawn when Ihe concrete 

Even Chough the base of a watering trough is not reinforced, it 
is advisable at least to reinforce the sides. 

Figs, lo'j and 108 are troughs which we exhibited at Ihe Royal 




Formi lot hog trought. 
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Agricultural Show, at Norwich, in 1911. The rectangular cattle trough 
of no gallons capacitj' was reinforced with steel rods and wire 
netting, quite unbreakable, and cost only tis. jd., while Ihe circular 
tank or trough to hold lao gallons, similarly reinforced, cost 9s. 

Feeding troughs may be const ruclcd in the same manner as 
watering troughs. The following, however, is a method tor making 
a hog trough. A botlomlcsi box, b St. long, 11 in. deep by 11 in. wide 
is made irom i-in. boards, and two triangles out of i-in. plank having 
a base of ti in. and height of 8 in. are placed 5 ft. 6 in. apart and a 
I-in. plank nailed on each side of the triangles. This inverted V-shaped 
trough is placed inside the bottomless box, and the triangular fillets 
placed round the edges to make a square edge. The space left is filled 
with concrete composed of 1 part Tortland Cement to 3 of sand or fine 
thingle. After a week the outer forma should be removed and the 
outside and inside painted with Portland Cement grout. If a round- 
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Fig. 111. Fig itrill boilfr. 
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Jig. 313. Cmtrttt tkieltttt-hOHMt. 

boliomed trough Is required an inner form can be made from a log 
sawn in halves, ai shown in Rg. no. 

A hog pen may be constructed by excavating a trench of the rite 
and shape desired i ft. wide, to below the frost line, filling this with 
broken ilonc and on top of this foundation building walls 4 in. thick 
and 4 ft. high of 1:3:6 concrete. A space for a gate should be left 
and the trough constructed for the hogs as described. 

Fig. Ill showi the construction of a boiler for heating food for 
pigs or cattle. 

Figs. 194 and 198 show a feeding trough in a cow house, the con- 
struction of which is obvious, and from what has been said of the 
construction of other forms, the forms for this can easily be made 
without the help of further exact description. 

Fig. Ill shows a chicicen-nouse. Concrete is particularly advan- 
tageous for such a purpose, as it resists the incursions ot rats, weasels, 
and other vermin, and can easily be kept clean. Such a chicle en -house 
may be built with solid concrete walls 5 in. thick. If the house i* 
not more than 8 It. wide, the roof, sloping one way only, might be 
made of a 4-in. concrete slab with reinforcement of steel rods or heavy 
meshwork of thf siie suggpsled in the tabic on page 148. The slope 
should be 1 in. in every loot, and the surface should be well trowelled 
to make it waterproof. It the roof is more than 8 ft. span, concrete 
beams or rafters should be adopted, with a top stab ; or a pitched roof 
may be used eitlier of concrete or other materials. Concrete shelves 
and water basins may also be adopted in such a model chicken -house. 
The use of coke-breeze or clinker is advised for the coarse material in 
constructing such a building, as it gives sufficient porosity to the con- 
crete to prevent moisture condensing on the inside of the walls in cold 
weather. The walls should be coated with a Portland Cement waih 
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Tig. 3IS. Barn at Shipihtwaiu, 

s the forms are renovcd. The Portland Cement wash need 
irily be always a grey Portland Cement eolour ; it may be 
coloured as desired in Ihc way referred to in the dircclions For colouring 
concrete on pag.^ iii. 

DOG KENNELS. 
Dog kenn''ls arc also conslruiled of concrete, plain or reinforced. 
Concrete is an exteilent material (or this purpose owing to the ease 
wilh which it can Ih' kepi dry and clean, and it is decidedly more 
healthy than boarding. The entire surtare should be iguile smooth, and 
all angles rounded. 

SHEDS AND BABNS. 

The foregoing directions (or the construction in concrete plain and 
reinforced of various sorts of buildings apply equally to sheds of all 
forms, ice-houses, and barn supports. 

Fig. 113 shows a reinforced concrete barn, it is a twelve-sided 
building, 60 fl. In diameter, each side being 16 ft. long. The walls 
are 30 ft. high above the ground floor, and are reinforced with rods 
al heavy wire fencing put in the middle of the wall. The sides of doors 
and windows and above them ore further reinforced with old iron. 
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Fig. 314. Bam, uith railed conentt foot. 

The walls are :i in, thick one-third of the way up, (he middle third 
lo in., and the top third g in. thick. The ground floor of the building 
is of concrete, and has a drive-way through the centre with a row of 
stalls and mangers on each side. 

Fig. 114 shows an application of concrete in the construction of » 
t<mi>er barn, namely, the building of the raised concrete floor upon 
which the barn itself is constructed, ft is very necessary in destroying 
the rat to remove its nesting place, which is usually in the floois, and, 
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Fig. 216. Conereite hotUe-vtafhing tro^^fh for d^ry, 

furthermore, corn does not go mouldy on a concrete floor, provided there 
be good ventilation, and the roof be tight. Such concrete floors should 
be built early in the season so that they may be thoroughly dried out 
before grain is stored thereon. One of the simplest ways of 
attaching the studding to the concrete floor is to embed i-inch 
bolts 8 to xo in. long, head down in the concrete, projecting 
2} in. above the surface, and build thereon a 2 in. by 6 in. nailing-sill 
or plate to the floor. The bolts should be spaced not more than 
3 ft. apart. The nailing-sill should not be counter-sunk in the floor 
so that its top lies flush with the surface, as in such a position it is 
liable to rust. 

Shelving can generally be constructed of concrete. It is then 
impervious to liquids, not subject to decay, clean and sanitary, and 
fire-resisting. For library and record offices, safe vaults, barracks, 
asylums, etc., concrete shelving is largely employed. 

Another application of concrete to agricultural work is for rick 
stands, and one is shown in Fig. 215. The pillars of this stand are 
formed of concrete, being 4 ft. high, 18^ in. square at the base and 
8 in. at the top. The pillars shown were made exceptionally long as 
the district in which the rick was situated was subject to floods. 

DAIRIES AND LAUNDRIES. 



Numerous dairies have been constructed in concrete, for not only 
is a concrete building cool in summer and warm in winter, but this 
material is easily kept clean, and is therefore sanitary. This considera- 
tion applies also to laundries, whether in town or country. Fig. 2x6 
shows a large concrete washing trough for a dairy. 
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Fig. iiS shows an addition to the cstablishmeni oF (he Monarch 
Laundry Co., Ltd., in Belfast, constructed in reinforced concrete and 
concrete blocks. Its dwarfed appearance is dde to the (act thai it is 
proposed to raise the building eventually another storey. The walls 
are of rock-lnced hollow concrete blocks, and the roof and its sup- 
porting concrete columns are reinforced. The method of applying the 
combination of the two materials has been found particularly 
advantageous. 

Sanitation on farms and in industrial establishments of all sorts 
is receiving increased atlenlion, and concrete construction is likely to 
be a factor in the provision of proper conveniences at a moderate cost. 

Fig. JI7 shows concrete shower-baths and lockers erected on a 
(arm, where they are much appreciated. 




Fig. ni. Ctmmn* iK«Mr-bathi awd locksri. 
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FI9. 31B. CoiurMi e 

FRUIT-HOUSES, GREENHOUSES AND ROOT CELLARS. 

Concrete Is an ideal material for the construction ol fruit-houMf, 
greenbouset, root and mushroom cellars. 

For fruil-houses, the walls, floors and rooFs, and the internal 
fittings In the way of shelves can be conveniently buill with concrete. 

For greenhouses, concrete is superior to wood, for it does not 
require constant repair, and saves fuel, as il retains heat and keeps 
out cold air. Greenhouses (Figs. 219 and no) should have a founda- 
tion 10 in. wide and 16 in. deep, or below frost level, formed of concrete 



Fig. 330. Qmnhouie «/ rtin/orctd concrcl* 
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fig. tX2. O'oncreU 0aril«ii fremn. 
proportioned t part Portland Cement, 3 parts sand, and 6 parti broken 
stone or shingle. On this the walls should be erected about 6 in. or 
7 in. thick, composed ol 1 part Portland Cement. j1 parts sand, and 
S parti clinker or coke-breezE, to the height required. The ridge 
shouM be 6 in. wide by S in. deep and made of concrete composed ol 
■ part Portland Cement, i parts sand, and s part* broken stone or 
shingle 1-in. size, reinforced with two steel rods, say | in. 
diameter. If the width of the greenhouse is not over i6ft., beams 
ai in. by 5 in. extending from the ridge tp side wall*, each reinforced 
with one 1-in. bar, will be strong enough to support the sa^ei. The 
ridge should be supported every 10 fl. by 11 in. sq. reinforced concrete 
posts. The table* and shelves may be made of concrete i} in. thick, 
proportioned i part Portland Cement, i| parts sand, and 5 parts 
clinker, reinforced with 
a metal mesh work. 

Hotbed frames can 
also be built with 3-in. 
concrete walls propor- 
tioned I part Portland 
Cement, 3 parts sand, 
and 6 parts broken 
ilone or shingle, resting 
on a 4-in. foundation 

(Figs. ZJI and 333). 

The shelves and 



Fig. 331. Conerds garden frtm** at Barri*. 
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Fig, 233. Benching for conitrBatory or grttahouit. 

The excavation For root cellars, which arc buHt hair above and hair 
below ground level, should be carried about 16 in. below the desired 
level or the floor ; and round the sides a foundation ol concrete propor- 
tioned 1 part Portland Cement, 3 parts sand, and 6 parts broken stone 
or shingle, should be rormed ii in. deep. B(-lw<t'n and slightly above 
these foundations ii in. of porous material should be rammed over 
the whole area, ciclusive of founilations. On the foundations a wall 
i.t in. thick, composed of 1 part Portland Cement, 2^ parts sand, 
and 5 parts clinkers, broken stone, or shingle, should now 
be built, and a floor laid over the whole ol the interior composed oF 
fiirnilar concrete, 4 in, Ihick, as dcscribei! un p. i(>K. The roor may 
be as shown in Kig^^- 22^ and 325, and formed of concrete as already 
indicated. Near the tup ul each end window openings should be left 
in which a sash should be fitted after the concrete has set and the 
forms have been removed. 

Mushroom cellars should be two-thirds below (he level ol the 
ground to obtain the best results; otherwise their 1 
(imilar to that of root cellars. 
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wards wetl«d and covered with about 8 in. 
for (he loundationi and the bottom of the 
Cement, il parti sand, 
and 5 parts broken stone 
or shingle. Upon this 
foundation the double 
walls may be built each 
3 in. thick, with a hol- 
low space betwMB of 
■bout 9 in. The forms 
should be about 4 ft. 
high and should be raised 
eradually a* the work 
goes up. The concrete 
should be composed of 
I part Porlland Cement, 
1 parts sand, and 4 
ports broken stone or 
shingle. The reinforce- 
ment should be i in. 
diameter steel bars, 
placed vertically about 
every 3 ft. and hooped 



SILOS. 

Concrete is largely 
employed lor (he con- 
struction of air-tight 
silos. It is lire and ver- 
min proof and does not 
decay like timber, and 
provided the walls be re- 
inforced and not un- 
necessarily thick, the 
cost is small. Fig. az6 
shows a large silo. 

Hollow walls arc 
often found to be ol 
advantage in cold cli- 
mates, as the air spaces 
between the walls pre- 
vent freezing. The 
foundations should be 
constructed below the 
frost level, say 16 in. 
wide and the excava- 
tion inside the walls 
should be filled with 
dry materials after- 
concrete, composed, both 
silo, of I part Portland 



Fiij. ajT. Silo al Buirl'V' 
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round with I in. diamcler sicel rods aboul every 6 in., well overlapped 
and wound round with thin wire at the overlapping. 

The inside □( the walli will require plastering, while the outsidr 
mar Ix le'> rough cast or washed over with Portland Cement grout. 
The roof may be either of conorete or of limber. 

Every silo requires a ventilator at the top and an entrance for a 
man which can be easily reached by means of a ladder, as shown in 
Fig. ii6. Openings for doors should be led about every 3 It. on One 
tide of the »ilo for convenience in handling the materials 10 be stored. 
A shoot running the whole height of the building should be erected 
•imultaneously with the walls. The walls of the shoot may be 4 in. 
thick reinforced with iron bars running vertically and Others running 
horizontally, a» for the walls. The size of the shoot is generally about 
al ft. wide and 4 ft. on the face, and its walls may be of HngI* 
thickness. 

Fig. zzS shows a large grain silo. 

Pig. 31 J shows a small $ilo for containing materials, the bin* 
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measuring 12 ft. 6 in. by ix ft. 6 in. inside, having a carrying capacity 
of 60 tons. 

Coal bins or bunkers are of smaller construction. A . typical 
example is shown in Fig. 229. 

WATER TANKS, WELLS AND RESERVOIRS. 

Underground cisterns can, with advantage, be made in concrete, 
and may be round or square, as shown in Fig. 230 or Fig. 231. To 
make a round cistern a hole should be excavated 16 in. wider than 
the desired diameter, or a wall two-thirds of the thickness of a brick 
wall, which could be used for the same purpose, allowed for. The 
hole should be 14 ft. to 16 ft. deep. A cylindrical inner form should 
now be made, the outside diameter of which is the inside diameter of 
the cistern. The form should be about 9 ft. long for a 14 ft. hole, and 
IX ft. long for a 16 ft. hole. 

It should be sawn lengthwise in equal parts for convenience in 
handling, and the sections lowered into the hole and there united to 
form a circle, and allowed to rest on blocks about 6 in. above the 
bottom of the excavation. These blocks must be withdrawn when the 
spaces between have been filled in with concrete. The concrete is well 
tamped qn the bottom and in the sides. It is advisable to puddle the 
concrete against the form to prevent the formation of pockets or 
crevices. 

To form the dome, a wooden floor may be built across the top 
of the form with a hole in the centre about 2 ft. sq., bracing the floor 
well with wooden posts resting on the bottom of the cistern. Round 
the edges of the hole, resting on the wooden floor described, a vertical 
form is raised, and round it a cone-shaped mould of very fine wet 
sand is raised from the outer edge of the flooring to the top of the 
form ; this may be smoothed with a wooden float. A layer of concrete 
4 in. thick is now put over the sand so that the edge rests on the side 
wall. After the concrete has been allowed to harden for a week, one 
of the floor boards may be removed so as to allow the sand to fall to 
the bottom of the cistern. W^en all the boards and forms have been 
removed they can be easily passed through the 2 ft. sq. aperture, and 
the sand taken out by means of a pail lowered on a rope. A square 
cistern is easier to build than a round one. The walls may be 8 in. 
thick, as advised for the circular tank, and all four walls should be 
built simultaneously. 

If the dimensions are more than 8 ft. sq. the walls of a cistern 
should be reinforced with a metal meshwork. 

Tanks for storing water are also constructed in concrete. They 
are easy to keep clean, they do not rust or decay, and thus possess 
many advantages over other forms of tanks. Tanks may be either 
square or round, and the sides should be tapered slightly inside as 
advised for water troughs. The general description for forming troughs 
applies to the formation of tanks. Reinforcement should always be 
used, and the concrete should be dense and impervious, made of 1 
part bc?t Portli»nd Cement, ? parts sand, and 4 parts broken shingle 
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Fig. 2S1. Circular C/ncr*!* diUrtt. 
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or ttoiM not moK than 
to UM methwork for ■ 
The following table give: 
for tanks of various dimi 



In. diameter in tiu. It It most convenient 
nail tanki and steel rods for large lanki. 
the approximate sizes of steel reinforcementi 
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NoTi. — Circumferential Rodt should be bent in rings, placed in 
the centre of the wall and t>w ends lapped 1 ft., and j in. or 10 at 
the ends bent at right angle*. The spacing o( the circumferential rod* 
should be gradually in- 
creaspd from the bottom 



The 






sure of the 
asMim^ to be fallen 
the sieel ; 
is therefore only re- 
quired to be thick 
enough to embed the 
steel and make the tank 
watertight, and shoutd 
vary with the height of 
the tank, but not neces- 
sarily with the diameter. 
A minimum thickness 
of 4 in. for a 5 (t. lank, 
running up 10 15 in. for 
a lank 15 It. deep is sug- 
gested, Kor a very large 
lank I he thickness of the 
concrete and the amount 
of steel reinforcement 
required should be care- 
fully calculated by a 
competent engineer. 

For tank work great 
care should be taken 
to have the densest Btintari 



4 rntrtttir at Scaftli, lUly. 
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^ Fig. 2U. Watet U 



po!sibk proportion's of sii'nd and coarse mat'-rliil wilh mnrr iUan pnou^h 
cement added to fil[ all the voids. The ronrrele should be made very 
wet and the whole tank should be made with ns (ew joints as possible. 
When a joini musi be made Ihc surl;ire ol the old work should he 
chipped all over— the rougher the belter— nnd all loose particles carefully 
removed. The surface should then be well wetted and u % in. layer o( 
cemcnl and sand morlar proportioned i -.i applied, the new ccncrolc 
being well raninKyl against it. 

When the concrete is new !( is somewhat porous, and a 
method of stopping the pores is to use a wash of neat 
Portland Cement- This will effectively prevent the water gelling 
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through until the con- 



abroad and in this 

structrd in reinforced 
concrelf, of which Pigs. 
131 to 136 show nain- 
ples. I'he tank at 
Bournemouth is of con- 
siderable capacity, and 
the total height is 45 ft. 

ported on six square re- 
inforced pillars 35 ft. 
high and iS in. square, 
and finished with arches 

Champagne ■ sur - Seine, 
in France, holds 12,100 
gallons. The height 
is loS ft. above the 
ground (Fig. 133). 

The water tower 
at Newton - le - 
Willows has a capacity 
of 300,000 gallons. 
The tank is So ft. above the ground. The tank proper is 
5 in. thick at the botlQm, the sides at the base being 6 in., 
. reduced at the top to 5 in. (hick. Figure 132 shows a water 
reservoir at Scaleti, Salerno, in Italy, which feeds an equipment in 
a mill for a sprinkler installation, [n case of lire these sprinklers Open 
automatically and the water from this tank gives adequate pressure ' 
and supply to extinguish, in its incipient stages, any tire that may 
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Fig. 234 shows an elevated water tank of reinforced concrete/ suit- 
able for supplying an estate or village. I'his particular exam^e is 
in Holland. 

Fig. 137 shows a water barrel built throughout by an amateur. 
The walls are i| inches thick, the reinforcement consisting of 5 
ordinary boy's hoops. 3 ft. in diameter, and galvanised wire netting 
doubled. The capacity of the barrel is about 300 gallons, and 
its total cost was 17s., including the wooden stand at the 

Tanks for the storage of mineral oil in grocers' and other shops, 
factories, etc., can be constructed of concrete so king as they are made 
waterjight and kept filled with water .for a month after comple- 
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tion before being uied for oil. The oil will not th«n 
damage the concrete. Tanki of a large lize lor storing paraffin or 
crude mineral oils can also be built ol reinforced concrele, if treated 
in this manner, without fear of deterioration of the cement from 
contact with the oil. 

Fig. 13S shows some small acid tanks made ol reinlorccd concrete. 
Many acids, however, are harmlul and some destructive to Port]a:id 
Cement concrete, and the effect of an acid should be ascertained before 
the tank is built. 

Concrete is attacked hj man; dilute acids quickly or sbnly, 
according to the strength and character of the acid. In the case of 
acids which form soluble salts in combination with the lime ol the 
cement — e.g., acetic, hydrochloric, nitric, etc, acids — the action will 
be more rapid than in those cases (sulphuric acid, for instance) where 
the salt formed is wholly or partially insoluble ; the reason being ihat 
in the latter case the 
insoluble salt is deposited 
within the pores ol Ihe 
and gradually 
les up the surface, 
re by preventing cen- 
ts and the parts of the 
yet aftect«d. 
Tanning solutions 
are largely organic in 
character and often con- 
tain certain organic 
acids. Upon green con- 
crete the action of such 
liquids would probably 
be marked, but upon 
indurated concrete, espe- 
cially if of a dense 
and impervious charac- 
ter, the action would 
probably be only slight. 
Mineral and lubricating 
oils and petrol have no 
deleterious efTect upon 
indurated concrete, but 
may reduce the strength 

sidcrably. Unless the 
tank walls are made of 
dense, rich concrete. Ihe 
loss of oil by percolation 
becomes serious, espe- 
cially with light oiU like 
petrol or gasoline. 
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With nil storage tanki 
tor liquids the Importance of 
denie, closely compacted and 
t>rc^rly graded concrete can- 
not be too greatly insisted 

Fig. 339 shows a num- 
ber of reinforced concrete 
vats on • Catifornian wine 
farm, these measure 4) (l. 
high, 19 ft. in circumference 
■I the top, and ij ft. at the 
bottom. They arc used in 
the manufacture of cream of 
tartar. On this same farm 
reinforced concrete has been 
used extensively (or other 
works, namely, (or the 
boiling rooms and the cel- 
lars, the sheds in the distil- 
lery, and the wine cisterns 
and (ermenting tanks, and 
the liquids do not dele- 
teriously aRect the concrete. 
Although sugar and 
sugar juices have • very in- 

not affect concrete which is 
thoroughly set aifd hardened. 
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Fig. 310. GathoUar Unk. Leioh-o»-S*a. 

In works for the manufacture of tiles, arks art often provided 
to store a mixture of clay and water, known technically as "slip." 
These arks are usually built of octagonal form, 9 ft. by 9 ft. by 7 ft. 
deep. They can, however, be built more economically in reinforced 
concrete, Ibe walls and boltam being about g in. thick, the concrete 
being made of i part Portland Cement, 2 parts sand, and 4 parts broken 
stone or shingle. If the walls are reinforced with metal meshwork 
they can be reduced to 6 in, 

A number of gashokler tanks and gasholder walls and supports 
have now been built in reinforced concrete. Three examples are 
illustrated in Figs. 140 to 
. . 143. The construction of the 

I . ' , tank is similar to that for 

I water tanks. The walls and 

I supports are like those of 

other structures. 

Fig. 141 shows a targe 
gas holder that has been 
erected for the MunidpaJ 
Gas Works, Reick. Dresden. 
which has a capacity of 

J. 300 ,000 cubic feet. The 
structure consists of three 
parts, i.e., a ring-shaped con- 
tainer and an enclosing wall, 
both of reinforced concrete, 
and a steel- frame domed 
roof and lantern. The ring- 
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foundation ol tbe 
encloting wall. 

W«ll-kerb( are 

also constructed 

I nowaday! of con- 

! Crete; they are the 

best, as (hey keep 

out the surface 

easily kept clean. 
After diggine the 
well the desired 
depth and bracing 
the sides in short 
sections so tliat 
the earth cannot 
fall in, 3 circular 
form 8 in. smaller 
than the diameter 
of the well and 
Fig. 312. GBikolder near DTetden. 4 fl. long should 

lowered to the bottom in sections and adjusted so that the concrete 
can be placed between the form and the side of Ihe hole. This concrete 
should* be proportioned 1 pari Portland Cement, 3} parts sand, and 5 
parts brokfr slone or shingle. To allow water 10 gel into the well, 
loose broken stones should be placed in pockets every few feet until 
the water level is reached. After filling the concrete to the top of the 
form and allowing it to set over night, or until the concrete will bear 
Che pressure of Ihe thumb, it is I'aiEed 3 ft., again braced securely and 
the operation repeated until the ground level is reached. A slab of 
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rough concrete about 4 tn. thick and 8 ft. to 12 ft. in diameter should 
be placed round the top of the well on a foundation of rough broken 
stone, well rammed, about 12 in. thick, as described for paving. This 
prevents the surface water draining into the well. 

In sinking a well, a drum curb of moulded pipes of plain concrete 
or reinforced concrete (the latter being generally preferred) may be 
used instead of wood, this being formed with a sharp edge at the 
bottom, weighted in the same way as a wooden drum curb, the sinking 
being done by removing the earth from under it. As the drum curb 
gradually sinks lengths of similar concrete tubing are placed on the 
top and sunk with it, or the well may be gradually decreased in 
diameter beyond a certain point. 

Large reservoirs are also constructed in reinforced concrete, on the 
general principles explained for the construction of tanks, water troughs 
and cisterns. Reservoirs are often covered, and the cover has to be 
designed as a floor to sustain a certain load. The cover is, as a rule, 
supported on posts such as are used for supporting floors in buildings. 
Fig. 243 shows a covered, reinforced concrete reservoir in course of 
construction at Downside Abbey. 

Concrete has been extensivelv used in the construct iuii of the rcscr- 
voir at Island Barn, East Molesey, Surrey, for the Metropolitan Water 
Board, which has an area of 120 acres and contains about 1,000 
million gallons of water. The earthwork at the outer side of the 
embankment is at a slope of 2^ to i. On the inner side the lower part 
has a batter of 4 to i and the upper 3 to i, the latter, to prevent 
damage from wash by the water, being paved with concrete blocks, 
set in ballast, with a wall faced with 'similar blocks at the top, com- 
pleted by a concrete coping moulded in situ. Fig. 244 shows this work 
in course of construction. 

Open-air swimming baths also belong to the same class of work. 
If the reservoir or swimming bath is above the ground it is supported 
by buttresses, but if below ground the earth supports the side walls. 

Public swimming baths are generally built of reinforced concrete, 
as it is found that by such construction considerable economies sire 
effected over a retaining brick tank. The interior of a bath may be 
rendered with ordinary cement finish, which is quite appropriate for 
an open-air bath, but for covered baths the interior of the bath is 
generally tiled. 

Fig. 245 shows details of the firsst-class swimming pond at (lie 
Chelsea Baths, London, which measures 100 ft. long by 30 ft. wide ; 
the second-class swimming pond at the same building is 96 ft. in 
length by 27 ft. in width. It will be seen that across the bottom of 
the bath there are ribs to stiffen the bottom, while the walls and floor 
are reinforced with sheets of expanded metal. 

On account of bad foundations the bottom of each pond is ribbed 
and is 10 in. thick, reinforced with a layer of No. 30 expanded steel 
2 in. from the underside, the ribs being 2 ft. deep and i ft. 6 in. wide 
at 10 ft. centres, reinforced with No. 30 expanded steel 2 in. from (he 
underside and each vertical face. The walls are 12 in. thick with 
6 in. by 5 in. rolled steel joists placed vertically at 10 ft. centres near 
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the outer face, No. 62 expanded steel being used as reinforcement 
running in a waved line from the front of the steel joist uprights to 
the back of the concrete at the centre of each bay. The subway 
roofing, which forms the surrounds to the ponds, is 4I in. thick with 
No. 9 expanded steel near the underside, and is carried on 6 in. by 
5 in. steel joists, connected to the vertical joists in the walls, which 
act as struts to prevent outward movement of the walls when ihe 
ponds are full of water. The subways afford accommodation and 
facilities for the inspection of the water supply and circulation mains 
and the walls of the ponds. The interior of each pond is lined with 
asphalte i in. thick, in two layers, and is finished with glazed Itles 
2| in. thick. 

The storage tank at the same building is situated beneath the 
footpath of the street bordering one side of the main building. The 
tank is 160 ft. long by 7 ft. 3 in. (average) wide by 16 ft. deep, inside 
dimensions. Vertical steel trusses occur at 10 ft. centres, with 12 in. 
by 5 in. steel joists at 3 ft. 4 in. centres in the bottom of the tank. 
The bottom, laid to fall for drainage purposes, is 10 in. thick with 
No. 30 expanded steel near its underside. The front wall is 12 in. 
thick, reinforced with No. 30 expanded steel near each face, and acts 
as a retaining wall for the earth beneath the roadway. The back wall 
is 2 ft. 3 in. thick, reinforced with one layer of No. 30 expanded steel 
near its outer face, and in addition to holding up the water it has also 
to carry the main facade of the building. The roof, which forms the 
footwalk to the road, is 4I in. thick, reinforced with No. 8 expanded 
steel near the under side, and is supported by the steel trusses and 
7 in. by 3I in. steel joists at 3 ft. 4 in. centres. The interior of the 
tank is rendered in cement and sand trowelled to a hard polished face. 

Thames ballast and " Ferrocrete *' cement were used for the 
concrete. 

FENCES AND FENCE POSTS. 

A satisfactory fence-post should fulfil the following conditions : 
(i) It should be obtainable at a reasonable cost ; (2) it should meet the 
demands of general use ; and (3) it should not be subject to decay, and 
should be able to withstand the effects of water, frost and fire. 
Wooden fence-posts are most frequently used, but do not by any means 
meet the third condition. Iron posts in various forms are frequently used 
for ornamental purposes, and have been employed extensively in private 
and public parks, but for general use their cost renders them prohibi- 
tive, while they are subject to corrosion. To prevent this repainting is 
necessary, and an annual expense in upkeep is incurred. The only 
material which meets all three conditions is reinforced concrete. There 
is an increasing demand for fence-posts not subject to decay, for the 
life of wooden posts is very limited, and scarcity of timber in many 
localities has made it necessary to find a substitute ; therefore, although 
the cost may be slightly in excess of a wooden post, reinforced concrete 
proves to be economical in the long run, through being practically 
indestructible. 
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If reinforced concrete posts are to be economical, they cannot be as 
strong as new wooden-fence posts, but since the latter are, as a rule, 
much stronger than is necessary in order to compensate for their 
tendency to decay, this is no real detriment, especially as iheir 
durability is greater. For reinforcing the concrete, steel or iron must 
be used. For strengthening the concrete it has sometimes been pro- 
posed to use wood, either on the surface or embedded in the posts, 
but this is inadvisable, for if the wood is placed on the surface it will 
decay, and if it be embedded in the post it will swell by the absorption 
of water and crack the post. 

There is no necessity to use galvanised wire for reinforcing con- 
crete fence-posts, for the concrete itself protects steel perfectly against 
rust. If plain smooth iron rods are used they should be bent over 
at the ends to prevent their slipping in the concrete. 

A fence-post is called upon to resist lateral pressure or bending 
as a cantilever ; therefore the steel should be placed as near the outside 
as possible (only about | in. protection is needed), and all sides of the 
post must be reinforced, as there is no telling from which direction 
the pressure may come. The most usual system of reinforcing, and, 
theoretically, the best, is to place a reinforcing rod or wire at each 
corner of the post. 

The coarse material should be broken to ^ in. size, and the propor- 
tions usually adopted are about 1:2:4. The mixture should be of 
medium wetness. 

Fig. 246 shows a mould for forming fence-posts, which should taper 
for the sake of economy ; this is easily arranged. The mould here 
shown is for making four posts at once, but larger ones could be used 
on the same principle if desired. The mould consists of two end 
pieces ** A " carrying lugs ** B ** between which are inserted strips 
**C." The various parts are held together by hooks and eyes, or 
sometimes by a form of brace with wedges. The sides are prevented 
from bulging by a centre brace as shown. The boards used should be 
1 in., or preferably i^ in. thick. 

In Fig. 247 the post shown measures 6 in. square at ihe botton, 
tapering to 6 in. by 3 in. at the top and is 7 ft. in height ; two of 
the sides are parallel, the taper not being given to all four sides, it 
being more convenient to mould them with two sides parallel as 
shown. 

Fig. 248 shows posts tapered on ail sides for economy of material, 
and Fig. 249 shows a wooden mould for making high posts that taper 
on all four sides. These posts are usually square at the top and square 
at the bottom. A variety with chamfered sides is shown in Fig. 248. 

Care is required in tamping the concrete into the moulds to ensure 
the corners being well filled. Without this precaution the metal might 
l>ecome exposed, and eventually rust. 

A simple permanent fastener for attaching fence wires to the posts 
is a long staple or bent wire well embedded in the concrete, and bent 
or twisted at the end to prevent extraction. Galvanised metal should 
be used for fasteners as they are not protected by the concrete. A piece 
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of imall flexible wire, about a in. in length, threading the staple and 
twisted several times with a pair of pliers, holds the wire in po&ilion, 
us shown in Fig. 250, and is easilv renewed when netPSEary. Oth'.T 
methods of attaching the wires are illustrated in Ki^. 1^1. 

Instead of fixing the staples permanently into the posts, a t in, 
diameter sleet bar may be inserted, well greased, through holes borud 
in the sides of the form the proper distance apart lor stringing wir»s 
when the concrete has finally set. After al>out four hours these bars 
can be pulled out, leaving a hole through which the fence wire can te 
stiung, or a short piece of wire can be run through and the onds 
twisted round the running fence wire, or wtxxlen or lead plugs may be 
inserted in the concrete and the wire fastened to Ihem with staples. 

For the moulding of these posts our general instructions as lo 
concrete moulding may be referred to. The moulds require 10 be 
coated with soft soap, oil, or grease, to prevent adherence lo the con- 
crete. About 1) in. of concrete should be spread evenly over the 
bottom and carefully tamped so as to produce a thickness of about 
) in. A piec! of board, cut as sho»n in Fig. 246, will be found useful 
for levelling the concrete to the desired thickness before tamping. On 
top of this layer two reinforcing rods are placed about 1 in. from the 
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(ides of the mould, and prrs^r^d in until within about 1 in. of its Face. 
The moulds arc then tilli?d and tamped in thin layers to the level of 
the other 1*0 reinforcemenls, the faslcncrs for the fence-wires being 
inserted during the operation. These reinforcements having been de- 
posited, the rcmaininj; t in, of concrete is lamped and levelled off. 

To avoid sharp edges, which are easily chipped, triangular strips 
msy be placed in the bottom of the moulds along the sides ; the lop 
edges may be bevelled with a trowel, or by running an edging tool 
having a triangular edge on its bottom. Such a tool is shown in 
Fig. J51, and can be easily made o( wood or metal. 

After one operation of moulding the mould should be cleaned with 
a wire brush before using again, and again coated with soft soap, oil, 
or grease. 

The ends and sides of (he moulds may be removed after >4 hours, 
but the posts should not be handled for at least a week, during which 
time they should be kept well wetted and protected from sun and wind. 
The intermediate strips should be left in place until the posts are 
moved. In removing posts great care shoukl be taken, as they do 
not become thoroughly hardened (or some weeks. They should be 
allowed to harden for about eight weeks before being used, and during 
this time they should be placed upon a smooth bed ol moist sand and 
protected from the sun, or Ihey may be immersed in a water-tank 
during the period. II the former method be adopted they should be 
thoroughly wetted with water at least once a day. 
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approKiinately works out 
at IS. 6d. per post under 
favourable conditions. 

In fence-posts 6 in. 
by 6 in. and 5 fl. 6 in. 
to 7 ft. long the amount 
01 reinforrement required 
is about .06 sq. in. for 
□np upon which there is 
not much strain, and 
about 0.2 sq. in. for the 
strongest that arc likely 
to be required. 

There is no advan- 
tage in using pipes in- 
stead of rods for the rein- 
forceiiicnl of sucii posts. 

Corner posts may be 

made by enlarging the 

Fig. 364. F™« with rail.. Swoiirombe. '°""^ «> 'h^' the inside 



by 10 in. at the bottom and 6 in. by 6 in. at the top. For reinforcing 
these I in. rods may be used instead of No. 6 wire, as used for the 
ordinary posts, 

A roat of Portland Cement wash is usually applied to the posts 
after they are removed from the moulds, this being well worked in 
with a brush. 

Buundaiy stones may 
be conveniently and econ- 
omically constructed of 
concrete. 

Fig. 155 illustrates an 
end post or post with 
struts for tightening the 
wires, the inclined prop 
resisting the pull. 

Figs. 354 'o "37 
show some fence posts 
erected at Swansconibe, 
near (iravesend, on an 
estate owned by the As- 
sociated Portland Cc'mcnt 
Manufacturers ( i qoo). 
Ltd. The ordinary posts 
are 6 ft. long, square 
sectioned with corners 
chamfered. The straining 
posts are 7 ft. long which 
arc embedded in the soil 
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aboul 3 ft. in soft ground, and i ft. in hardrr strata. The struti 
may be 3 in. by 1 in. or 3 in. by 3 in., and the plates about i in. 
(hicic reinforced witli expanded metal or a meshwork of rods on the 
under side. Similar posts wilhouC struts can be used for the ordinary 
part of the fence if desired instead of the plain ones; the extra cost, 
however, is about 33 per cent. The following table gives the market 
prire for t>ood oak posts .ind the prime cost, including loading, of 
ri'inforced concrete posts as ascertained al Swanscombe, together with 
particulars of other lypcs of concrete posts : — 

Oak. Concrete. 
s, d. s. d. 

Line post A, (i ft. long, 4I in. sq. 

at bottom, ij in, sq, at top ... 2 1 17 

Line posts B. 7 ft. long. 6 in. sq, al 

bottom. 4 in. sq. al top .-4 4 J 1 
Straining posts C, (1 [l. long, with 1 



— 7 10 

F'fis. 154 and 357 show another type of con- 
crete fence provided with rails. To enable a 
broken rail to be cheaply replaced the holes in the 
posts are made targe enough to allow one rail to 
slide over another. When erected Ihe top of the 
hole is filled with a concrete wedge, which may be 
set with cement mortar. 

The construction of these various posts is illus- 
tr.itcd in detail in Figs. 256 and 2.^7. 

In Ihe line posts, type A and B, it might be 
desirable for very rough use lo make the four 
reinforcing rods ) inch diameter instead of | inch. 
.As regards gate posts, type " D " is serviceable; 
they can be made for from 3s. to 4s. each, according 

The ordinary minture for Ihese fence-posts is 
4 parts of good clean ballast put through a } inch 
sieve lo i of Portland Cement. 

HITCHING POSTS AND POLES. 

p,g 258' Concrete has also been adopted for making 

Concrete flalbei clothes posts (Fig. 25s). The process is much the 

poit. same as fence-posts, just described, except that 

Ihe posts should be 9 ft. long and should have 
an iron staple i in. diameter embedded in the lop, or a hole made near 
the top through which to run the clothes line. For reinforcing such 
potts, l-in. rods may be used. If the base of the post is well embedded 
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Fiff. 2S9. Concrete Jiorie-block and hitching po»t. 

in concrete then about 2 It. will be utilised in the ground, but an 
alternative method of securing the post agninsc the pull of the rope 
would be to either cast a base in silu or mould it with provision for 
inserting (he post in a socket, much in the same way as is done with 
timber clothes posts and wooden bast boxts. This has the further 
advantage of enabling ihe post to be removed when not required for use. 
Hitching posts should be made, in a similar manner, 6 It. long 
and have an iron ring in the top. A horse-block and hitching post it 
shown in Kig. zjij. The former c.in be made by turning a box, 24 in. 
long by 10 in. wide and 8 in, deep, bottom upwards on (he floor, and 
building round it a box or form 36 in. long, iS in. wide, and 11 in. 
deep, inside dimensions. This form s'bould now be filled round with 
concrete, proportioned i : 2} : 5, and the lop should be smoothed oil 
with a slraighl-edge and floated. It should be allowed to stand for 
about 48 hours before the oulsidc forms are removed, and be kept 
damp for three weeks, remaining in 5itu lor Chat period. If a finer 
finish be desired, a coating | in, thick, composed of 1 part Portland 
Cement and 1 pari sand, may be plastered over the block alter picking 
it with a small axe and wetting it thoroughly. 

GARDEN STEPS AND TERRACES. 

Steps and terraces in gardens may be either monolithic formed 
in lilu or cast separately in moulds and afterwards put in place. 

The following table shows the proper proportions for risers and 

Width of Tread. Rise. 

Nosing to Nosing. Tre.id to Tre.id. 

.. Si .. 

- 5 " 

tread should equal : 



10 


.- 61 „ 


Generally, 


wjcc the ris 


tread and ri 


,e equal 18 i 
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Fig. 260. Flight of external concrete steps. 



It is not usual to 
make the risers less than 
6 in. nor more than 8 
in. If more than one 
step is to be taken on 
any tread the minimum 
width should be 30 in., 
but it is far better to 
raise the steps in short 
flights with wider land- 
ings between than to 
adopt high, wide steps. 

The foundations for 
all external steps should 
extend well below the 
frost line and should 
be formed of porous 
material, as described 
for paths, with drains 
situated at the lowest 
point to allow the water 
to run off. 



The steps should be wider than the paths or paving from which 
they lead so as to avoid the appearance of being cramped. It will 
improve the appearance to add a low parapet or edging, such as is 
shown in Fig. 260. 

Each step should be constructed with a slight slope to allow the 
water to run off. All steps that are moulded separately should be 
reinforced by iron rods, placed about i in. from the bottom of the 
step. 

Having excavated the slope to the required depth and put in the 
porous foundation in the same manner as described for paths, a plank 
should be placed on cither side of the proposed step or steps and firmly 
supported. A layer of about i in. of concrete, proportioned 1:2:6, 
should now be laid on the foundation, and the reinforcement, in the 
shape of rods, or preferably metal mesh-work, placed thereon. 

The concrete is now filled in to the thickness of about another 2 in. 
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Fig. 261. Separately moulded conereU st#p8. 
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After this has set for about 14 hours, boards should be placed between 
the side planks, starting at the top, so as to form the riser of each 
step. These iDoards should each have a groove or chamfer at the top 
to form the projection or moulding at the front top edge of each 

Altec the concrete base has tveo netted the top form is filled with 
one part Portland Cement to two pacts clean sand, smoothed with a 
wooden float, or, if a saving o( material is required, the mixlure may 
consist of one part Portland Cement, two pans sand, and four parts 
broken stone to within about 1 in. ol the top, and a finishing coal of 
one part Portland Cement to two parts sand is then floated as recorded 
for paths. External steps that have to be supported upon walls for 
ascending to a porch oc a similar raised platform may be constructed 
by raising two walls in concrete, the upper surface inclined at the 
desired pitch of tlie steps, but the top being 3 in. below the point where 
the inner edge of the (read meets the riser. Between these n-alls an 
inclined platform is now made of i-in. by 4-in. boards well braced. 
On them, and over the top edge of the walls, a 3.in. layer of concrete 
is laid, reinforced at intervals of a foot by ^-in, iron or steel rods, 
running from top to bottom. On this the steps may be formed in the 
manner described (or the flight of steps on a slope. Should llie steps 
be more than 6 ft. wide a wall similar to the two side walls should be 
built in the centre. The lorms under the steps should not be removed 
for lour weeks. 

If the height to which these stairs are required to extend is more 
than three or four steps, the reinforcement will need to be larger and 
placed closer together. 
To determine the dia- 4 
meterandspacingof the 
rods, reference should 
be made to the table 
on page i4tj. under 
" light floor loading," 
and the diameter and 
spacing of the rods 
selected should accord 
with the greatest 
length of the stairs 
calculated as a 3-in. 

If separately cast 
steps arc required, 
these may be formed as 
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ol 1 part Tori land Cpmciil, 3 purli sand, aiiJ li parts coarse 
material, well tamped. The front board is now removed and the 
space at front and top tilled with a finishing coal of 1 part Portland 
Ccmenl to i parts sand, A reinforcement consisting of |-in. diameter 
rods should be placed al the bottom of such steps, and in fixing them 
in position they should be placed upon S-in. side walls constructed as 
before suggested on foundations n in. wide and carried down below 
the frost line. The steps should overlap each other 1 in. and the 
joints be made with Portland Cement mortar. 

tig. ](ii illustrates 
another application of con- 
crete in the building of a 
roller. Such rollers arc 
mow to be purchased at 
less cost than iron rollers. 

FANCY PARK WOKK, 
ROCKEEIES tr LAND. 
SCAPE GARDENING . 

Concrete may be used 
with very good results 
for ornamental and fancy 
park work, especially for 
rockeries. 

t'ig. 165 also shows a 
treatment in a con set va- 

Fig. 366 shows ihe 
inside of an aquarium 
constructed in reinforced 
concrete, in imitation of 
a rock -cave. 

Some typical concrete 
garden ornaments are 
found in Figs. 163, 173 
to 179. There are many 
good reasons for using 
concrete in gardens in 
preference lo marble or 
stone. In the first place. 
it has the lasting quali' 
ties of flint, in fact it 
grows harder year by 
year. Then, too, it 

against the severest wea- 
ther, freezing and thawing 
having no effect on its 
f (tr. 988. Sundiol rigidity. The colour of this 
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Fig. 381. intfrlor of c. 
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Fig, 369 BalUftrade and vaeet. 
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Fig. 374. Qititn x 
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Fig. 276, finrden 



Fig. 378. Ornamenlat table. 
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material in its natural 
grey cemeni shade is 
most pleasing, and 
bUnds n-ith out- 
of-door surroundings 
in a way which marble 
or newty cut stone does 
not. Il takes on rapidly 
the soft neutral colour 
of Ihe common field 
stone, and, when made 
into some accessory of 
pleasing design , never 
looks out of place, 
as is often the 
case with marbles. 
Again, the cost of 
the material is rea- 
sonable. Concrete can 
be fashioned readily into 
any form, jusl as plas- 
ter and bronze take on 
(he form of the mould I 
into which they are 
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Fip. 164 shows pergolas conslruclcd of concrete. 

I-'ig. 2;i shows a concrete fountain at CaiTywrl^ Spa, North Wales, 
The fountain is about 15 ft. in diameter, the walls and bed being made 
in »ilu of reinforced concrete. The central pillar supports a concrete 
basin which supports a brass fountain. The base, capping, and 
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the site. 

Fig. 173 sho«s an 
interesting garden 
I treatment by (he Chris- 
' lie Patent Stone Co., of 
Hull and Manchester. 

Fig. 267 shows a 
good treatment (or a 
concrete garden bench. 
This particular example 
is 11 ft. by 5 fl. wide, 
and the concrete has 
a rough surface except 
on ihe seat where the 
face is smooth. The 
proportions employed 

part cement, li pans 
sharp, sand conlaining 
sonic gravel, and 5 
parts clinker. I'he floor- 
ing is made of tiles, 

in a band along the 
back of the seat. I'he 
tiles are of red and blue- 
green colour, and look 
well embedded in (he 

ne- 219- teaettal ima. Other benches are 

illustrated in Fig. j68. 
Fig. i6j shows an effective concri^le sundial, the sundial proper 
being in brass- 



Figs. 2Ti to J75 and .^77 and 179 show si 
I'hese are often reinforced with a network of wire ; whik Fig. 176 shows 
an ornamental (able made of concrete for garden use. 

Concrete flower boxes of the form shown in Fig. 274 look mcH, 

CEMENT AND TKEE DENTISTRY, 

The uses to which concrete is put are really strange, one of the 
most remarkable being its employment in forestry. Tree surgery H 
what might be called the practical application of dentistry to trees. 
Both fruit and shade trees are valued now as never before, and by 
skilful methods the tree surgeon can give a new lease of life to trees 
which had otherwise practically reached their limit of existence. When 
trees develop decay there is no reason why they should be felled unleit 
it i* quite impossible to remedy them, but in the majority of cases by 
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cement or concrete, they 
can be preserved. To 
fill up the cavities in 
the tree with cement 
has been practised (or 
a number of years now, 
but not always with 
success because a mis- 
take has been made in 
leaving the decay in 
place. The cement was 
simply filled in the 
cavity without any re- 
gard 10 draining or the 
subsequent healing of 
the wound. As the 
cement did not slick to 
the wood and the sway- 
ing of the tree by the 
wind often enlarged the 
crack between the wood 
and the filling, water 
penetrated behind the 
cement and decay went 

than before, 

girth by the deposit of 
a (hin layer of new 
nood between the wood 

und the bark. There f,j,. 2eo. a cavity fiUed with cement. . 

. arc three layers in this 

coat — the middle one being composed of thin forming tissues known 
as the "cambium." The inner side ol this layer forms new wood, 
the outer new bark. It is this new layer and the layers of the four 
or live previous years which are known as the sapwood, and form 
the active section of the trunk and branches. The cells of these inner 
rings are gradually covered by the yearly deposit of new growth, and 
from living sapwood become hcartwood. which is dead, and serves 
merely as a strong framework (or the living parts of the tree and as 
storehouses for excess material. 

This is the reason why hollow trees may often be (ound in a 
flourishing condition when th<^ hearlwood may have entirely dis.ipi>cared. 
However, a landscape tree in this condition, deprived of the shelter 
of its fellows, is in grave danger, (or a high wind or a heavy snow- 
(all may find it an easy victim. 

In repairing such decayed trees, after the mass o( the decay has 
been removed Irom the interior of the rotting trunk there remains a 
(hell o( living sapwood and bark. Into this cavity a steel brace is 
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inserled and boiled in place. This gives lo Ihe Iree a siabiliiy which by 
Ihc decay of iho supporting heartwood il had lost. Now tomes an impor- 
tant operation, the cutting of Ihc watersheds, which prevent (he entrance 
of ilioisliire. The walirshnis (sit Fig. jM,>) consist of a deep groove cut 
about an inch inside the edge and opening out to the ground below. 
The cement, being packed lightly into these grooves, forms a channel 
down which the water flows, to be led out at the base. The cavity 
is then wired throughout, the wire being stretched from nails driven 
into the wood, and acting as reinforcing for the cement. This work 
having been completed, the cement is made as moist as possible, and 
then built out into the original outline of the tree. The bark which 
has been cut back for an inch or so in order to prevent bruising while 
the work is in progress will eventually cover the fiUed-in wound, the 
tree thus regaining its normal appearance. 

In the case of exceptionally large cavities the opening is covered 

by large strips ol zinc. The cement is then forced down into every 

crevice and allowed to 

set, after which ihe^inc 

of lino finishing cement 
put on and painted the 
colour of the bark. My 
this method the tree sur- 
geon is enabled lo 
build out trees where 
fully half the wood may 
have been destroyed by 
lightning or from some 
other cause. The Ireat- 
mcni serves as a fine 
example of the healing 
powers of nature, for 
it is remarkable how 
quickly these wounds 



and further decay by 
the cement filling inside 
by the watersheds. 

The correction ol 
Ihe forked or defective 
crotch (Fig, a«i) which 
are found to a great ex- 
tent in soft maples and 
elms, and to a less dc- 
grci- in almost all t.ur 
landscape trees, forms 
a large pan of the 
Fig. 281. Pocfciim a eroefced crotch. tree surgeon s 
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work. This lorm of crotch usually has its origin in the deslruction o 
the original head or leader. In a case of this kind a double head i 
formed by lh» forcing out of two lateral buds. .\s Ihcse shool up 
forming the new 
lop, the old slump 
al Iheir base grad- 
ually decays, aMon'- 
ing water to pene- 
Irste into the 
crotch. Nature 
tries desperately 
10 heal this 
wound, but the 
imperfect joint is 
constantly forced 
open by the wind 
and prevented from 
uniting by the old 
slump, until finally, 
weakened by de- 
cay, the tree splits. 
Many of the 
finest Irecs are 
ruined every year 
by the splitting 
of these defective 



are often ejiceed- 
ingly difficult to 
treat. The decavcd 
matter must first 
be removed with 
great care and 
thoroughness — in 
tact, iIh dentist is 



decay from a toolh 
than is the tree sur- 
geon In cleaning out 
these cavities. The 
opening is then 
packed tightly with 
cement. Cuiiinft 
watersheds in these 
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for, worklni^ in the narrow limits of the fork, as he is compelled to 
do, it is exceedingly difBcuIt to use his tools. But here most of all a 
perfect watershed is required, as the water running down the limbs 
and trunk would otherwise find lodgment behind the filling. In case 
of a targe tree the additional precaution is taken of putting a bolt 
directly through the crotch, while a chain is placed some twelve or 
6 f teen feet up. 

CHIMNEY SHAFTS AND CONDENSERS 

Reinforced concrete has been used now for some years for the 
consiruction of tall chimney shafts. The application of high tempera- 
tures has little or no effect below 900° Fahr., it being a fortunate 
coincidence that concrete and steel have practically the same coefficient 
of expansion, namely, for concrete .ooo<x>6 and for steel .0000065 P*^** 
degree Fahrenheit. This means that the concrete and steel will expand 
and contract together without parting company, thus neither losing 
adhesion nor causing internal stresses. For this reason reinforced con- 
crete is frequently used for ovens, melting house floors, etc., and the 
property of equal expansion and contraction means also that reinforced 
concrete floors, beams and columns are not seriously damaged by fires 
in buildings, which latter may be put in service again with a minimum 
of reparation. Fig. 283 shows typical factory chimneys at Northflcet, 
Kent, at the works of the Associated Portland Cement Manufacturers 
(1900), Limited. The reinforcement consists of T section steel bars 
running vertically up the chimney hooped round every few feet with 
round rods. A chimney at Briton Ferry is 150 ft. high. It has an 
inner shaft 6 ft. diameter and an outer shaft 13 ft. diameter. A 
chimney at Belfast is 200 ft. high by 8 ft. 6 in. diameter. 

Fig. 314 shows an interesting application of reinforced concrete to 
a somewhat novel use, namely, the construction of a c6oling tower, 
the framework of which is of reinforced concrete. Such a structure 
does not, of course, suffer decay like steel or woodwork. 

Fig. 282 is an interesting application of chimney construction in 
reinforced concrete that excites remark. This chimney, in the form 
of a tree trunk, is built at Malmaison in France, on the estate of Mr. 
Edwards Drake. The owner was reluctant to spoil his timber by the 
erection of an ordinary chimney, so devised this concrete tree in order 
that the harmony of the scene might not be disturbed. Concrete has 
been supplanting wood for a number of years, but this is probably the 
first instance where timber has been reproduced in this original form. 

BRIDGES AND PIERS. 

The numerous applications of concrete, plain and reinforced, in ihc 
construction of bridges and piers do not call for any lengthy notice here. 
The advantages of this form of construction are everywhere becoming 
more and more appreciated. Figs. 284 to 286 show several small bridges 
which illustrate the kind of work erected by private owners or rural 
authorities, often seen in the country. The design of even a small bridge 
requires some expert knowledge, and should be made by an engineer. 
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Vif. nt, Kai»forc»d tanertlt briiftra •! Lilbura, Korthumherland. 

Fig. 284 shows a light reinforced conrrple foot-bridg* prov:din|< 
access 10 Clughun Itland a( Miicn Hciid. It has a span of 171 fl., and 
a height of 150 ft. above (he sea. 

Fig;. i»5 shows a rrinrorrpd conrrptc brid^r at Coinc, Lanes. Thz 
span is 45 (t. 6 in., the thickness being 10 in. at the crown imd 14 in, 
nt the haunches. Fig. 1R6 shnws a road bridge at Lilburn, in Northum- 
berland, the span of which is 40 ft. 

Small bridges or culverts are often required 5 It. to 7 ft. wide, 
and. say ubout 5 ft. high. These can easily be built in pluin concrete 
in arched form, making (he Ihieliness at the centre about 12 in. For 
large bridges, tiowcver, plain or reinforced concrete may be employed, 
and in any case, an expert should be consulted as to their design. 
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FiO. 38*. Fcolbrulgr 111 Jdrsji 



FiQ. nc. Beinforctd concntt bridge at Colnt, Lurica. 
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One of the largost plain roncrctp bridfics that Y 
Ihal at Walnut Lane, Philadelphia, nhrch has 
. in the clear. 

Fig. 2S9 shoH-s another o( the large plain concrete bridges 



One of the largost plain roncrcte bridges that have been i-onslruc(ed 
is thai at Walnut Lane, Philadelphia, nhkh has a centre span of »3» 
ft. in the ' 



America, namely, the Connecticut Ave 
consists ol s arches, each of 150 
|riers, and at each end of the series of arch 
teparatcd from the others by an abutment 37 ft. 
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of the bridge proper are two abutmenis about 136 ft. in length. The 
total cost ol the bridRo, exclufiive of land, was ^170.000. Its width 
is 52 ft., and the hfight of the floor above the ground ijo feet. 

t'ig. iHy shows a portion of (he motor racing track at Brook- 
lands, near Weybridge. At this point it was necessary (o awry the 
track across the River Wey. so this peculiar form of bridge was arrived 
at. The racing track has a uniform width of 100 ft., so that thli is 
the width of [he bridge. )i is also about loo ft. tong. The foundation* 
ol the bridge are sustained by reinforced concrete piles, at the »oil at 
this point was unstable. 

Fig. j88 illuslralrs on artistic reinforced concrete bridge at 
Innsbruck in Austria. 



Fig. 201. Pier at Wedtllihoro. Dmtmarh. 
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Fig. *<tl shows a small rsinforcod concrete pitT, constructed : 
Wt.'dvlteborg, in Denmark. 10 serve at a lamling stage, supported o 



reinforced concrete piles. A number of such piers have been built 1. 
connection with harbours, bathing places, and the like. < 
Fig. i90 shows a coaling jetty on the river Thames. 



298 DAMS, DOCKS. HARBOURS 4 CANALS. 



Fig. 393. Li/eboat ilipwoi a 
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ConcrUe has been largely employed (or heavy work in connection 
with rivprs and the sea. Harbours and docks are built wilh huijc 
monoliths or caissons .inil solid blocks of concrete. Noteworthy 
examples are the .Admiralty harbours of Dover, Gibraltar and Rosylh, 
ariij ihc roinmcroial hurbours of Dovpr. Southamplon and Liverpool. 

Kig. mi shows one of the arms of IX.vcr Harbour, constructed of 
hue conirctp blocks. In the foreground stacks of reinforced concrete 
piles are to be sren. Thi^se piles were driven to serve as the foundalioii 
for new station buildinj;* for the South Haslcrn and Chatham Railway. 
I'he pill's w<'re reinforced wilh helicallv wound bicel rods supplemented 
by lonfiiludinal steel bars on the Cons'iderc .System. 

Kii;. Ill), a slipway, is a typical application to smaller works in 



P'or constructing; hui^c dams concrete is also employed, as fi 
i-xample the Nile Dam. By reinforcing the concrete with steel gre: 
economies are effected in such constructions. 

In canals, too. concrete is large I v emploved. as 
Manchester Ship Canal and the new Panania Canal. 

Fig. i<)4 shows an example of its use for conslri 
basin on .1 small canal at Bradford. 



Dams, txXKs. harbours & Canals, m 



Fig. 3B4. L'liital Jtatin. Dradtota. 



Fig. 39E. Dam and Afdrcr-ctcetrfc poirer plant, fitcata, SIti 
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Fig. 3M. Caiuon tarp«ila itation. 

powiT scheme, which [urnishps 50,000,(1110 horsp-powrr lo Mexioi and 
m Ora. Thp dam, when rompli'K-d. will hiivc a hfi);>hl of 194 It. Part 
of the hydraulic mains runvcving walrr lo thn turbines lor generating 
pleclric powL-r arc Co be seen in the left hand boltoii) corner ol the 
illustration. 

Figs, 196 and 197 illustrate a rather remarkable example of the pecu- 
liar slructurea which may be buill of reinforced concrete. This is a caisson 
which nas floated out as a pontoon or (Coaling dock and sunk in the sea 
lo serve as a torpedo station. Messrs. Schneider and Co., of Creusot, 



n of torpedo ilatioi 
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deiired to establish a stalion with a sultuble area oF water of fairly 
uniform depth (or the purpose of torpedo trials. As a suitable site 
could not be found on ihc coust it was resolved to construrt the 
station in the sea at some dislaiu-c from land, and a position «as found 
in the roads of Hyervs in Ilie Moililerranoan. 1'he lirsl proposal was 
crc so ^real 
^ <tas built 
shore in reinforced concrete and floated to its position, ll 



lardc coffer-dam 


but tht dim 


Icrnalivc! met hoi 


. this larjje 


einforced concrc 


e and floated 



aiiollier tt) ft. K in. Iii;!li 
with an ovtrli:tii-in!; 
pnrlion. A r.Kiiii for 
experiments with tcii'- 
pedoL's tlisi:harf!ecl undtT 
water ia in (Iib caiiiiiou 
itself, while the wuper- 
slriK'lure is used Snr test- 
ing torpcdues discliirjicd 
ahnve the waiter line. 
The slrutture, Lifler hav- 
ing been towed to llie 
Toulon ro:i(ls by iwo 

buov, and the iiiturual 
ewicrele work consisliiiy 
of the partitions Ilicii 
completed. Siillkiciil 
concrete w;is thtn lilled 
into the co i n pari i lie nl-^ 



the CI 



Ihei 



lowed it l< 



>\vin(i 



iway. 



in roiiHli weather, 
rock platform ti.id iK'eil 
prepared and levelled iur 
its reception by divers at 
a depth of y) ft. .1 in., 
and when Die e.ii~Koii 
was placed into p.isilion 
above, waler was pumped 
into the inner eouipart- 
tnenls until it ^iik and 
rested securely on its 
bed. The outer com- 
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partmenis were llien filled ttitli (.'oiicrcle, :iiiil tlie niiiidle ocies ivitli sand. 

lliis nmiijlcmL'nl permuting ul ils ruiiiov.ll .11 .my fiiLnre lime by taking 

O'll Ihe loose balUisl fiom llie ttiilral ioiiip:;rlmeiil5. 

LIGHTHOUSES. 

Fig. 198 shows a reinforced concrete lighthouse erected upon Ihe 

Point de b Cnubre, oti (he north side of the mouth of the river 

(lirondc. The height of 'he fecal plane is iiyi It. above sand level, or 

203 ft. 6 in. above the foundations. The ground is about 18 ft. abnve 

high water. The internal diameter of (he shaft is about 11 fl. 6 in. 

Tlic liiifkiioss of the vvalLs 



ii>use:ireioriiit 


<l..lrciiifori:id 


Viil. 2.iO s 


limvs aiiollier 


i^lllhoUSL- wlii 




.Iruck-ditncinf 




!i the Slr;iils 


of Malacca. 


riie foL-al phmi; 




12 fl. 6 ill. iiliiii 


II! hi^li water 



iivol : the lij-lilhousc is ek- 
imsed to Ihu full severily of 
the tiiiiiisooiLs, and tlic; work 
of con St met ion was arduous 
hecaiise of lotigli wcallier. As 
is slinivn, the bnse of the 



iber. The piles entered a 
h of iOn.Xi in. info llie 
i wlicii a hard boll<ini was 
lied and were sunk by 
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V GROYNES. 



Foi- pri>lccliii)i our shores 
Fig. 299. Ont-Fnlhon Bank Ligktkaun. against the L-rosiiiii of IliC sea, 
Strait* 0/ Malana. j;,oyties and the embankinR 

of the si. ore have been executed for many years pasl of concrete. I( is 
recognised as the best material for a permanent protection. The des- 
tructive iorce of the sea is, however, at times so great that niileas the 
work consists of great monolitlis il is not strong cnouglr. Wc have often 
heard of concrete sea walls and groynes tieing washed away in severe 
storms. Heinforccd concrete appears lo offer a solution of the diflicnity. 
Pig 100 illustrates part of the wnik of widening the promenade 
btlween (he Soulh Shore and (he North Pier, Blackpool, including the 
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Fig. SOO. 9«a imU and premenade, Biaekpool. 

provision of «S|ilaiiaclGS and a substantial sta wall for a length of about 
ihrM! mik'S. The sea wall varies in height between 2b ft. and 37 ft. 
and is ] I ft. thick at the base. At the toe of the apron, which has 
a slope iiC I lo ij, rin(> piles arc driven 11 It. apart, to which the 
permanent walUnij and shwtinc piles are secured. The iipron is formed 
of ronsolid.iled sand, covered with a hiver (if concrete : ft. 6 in. thick, 
and faced with basalt (•routed and tieddi-d in cement mortar. On part 
o( the front tiers of concrete seats have been built. 

Fifi. 301 shows a sea wall at West Harllep<«)l reinforced with 
sheels of expanded metal, slrcn((thened at points with concrete but- 
tres<ies, which are also reinforced with expanded melal. 

Kij;. 301 shows the work in coursi^ of construction with sheets of 
expanded melal in position and the men a( work siirfaiing the concrete. 

The sea walls act as rntaininft walls ; the slope, however, is 
merely llie coating for the shore, which is sloped lo thr' i>alural surface 
that is capable of being stable. This would not U: so, however, if 
the sea could wash against it and erode the surface, in which case ilie 
concrete is reinforced with sheets of expanded steel. 

F'ft' 303 shows some other sea defence works. a( Tejgnniouth, 
in which the erosive action of the sea is prevented by a toe to the wall. 
and it should be noted that if the filling material underneath the work 
or lower esplanade should sink by the filtration of water under it and 
the construction of the sand, the esplanade would not fall because it 
is reinforced like a floor, to stand firm on its supports of mass concrete. 
The view shows a section through the slipway, down which boats can 
be run into the water. This slipway would serve for the lifeboat, and 
is an alternate method to that shown in Fig, 293. 

Fig. 306 shows a dyke and shore protection in Holland, consisting 
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Piff. 303 Slope pratfction at Weit Hirll'-pMl. 
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of a slab with ri 
expanded melal. 

Fig. 30s sho» 
The wall was bu 
The independent r 



rc-inEorcpd loppinR to a dyke wall in HolianJ. 

I pieces with heavy buttresses at the intervals. 

e of the work thus assured is an advantage- 
now I applitatiun of rrinfonnl loiiirelt to the 
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pro tec) ion of sea shorrs consisting of 
facing with concrete slabs with flanges 
which are held down by other concreic 
slabs in which arc placed concrete kc]'! 
somewhat like a nail. In employing 
this protection, the foreshore or bank 
is graded to an even slope with a 

li necessary a clay face is formed on 
this, or in particularly unstable 
material the bank is faced with straw 
or other facine work, 1'he slabs 
with the tlaiiRcs are then laid, and 
are about i) in, thick and S in. 
square ; the ullernatc slabs are without 
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flanges, but have a corresponding rcbalc. and arc Ihc snnie ihickness; 
they have a taper hole in the centre through which a long reinforced 
concrete key is driven holding it Tirmly to the face of the bank. 
ShoukI any slight settlement in the bank occur the facing accommodates 
Itself to the new contours. The example of work shown is on the 
foreshore of Tilbury. 

CONGSETE ON THE SAILWAY. 

Concrete is now employed very extensively upon railnay works, 
and among other applications may be mentioned the construction of 
station platforms, treatment in this way being shown' in Fig. 308. The 
platform can be built of mass concrete of weak proportions, such as 
1 part Portland Cement, 3 parts sand, and 6 parts broken stone or 
shingie. Train sheds are often built of reinforced concrete consisting 
of low arched short span, longitudinal roofs, just high enough to clear 
the largest locomotive in use on the line, with smoke ducts of reinforced 
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! through which Ihc locomolive gases are discharged into the 
open air ; these smoke ducts being built high enough to prevent 
driving rain or snow from reaching the platforms. 

Fig. 307 shows a combination coaling and sand Station. The 
elevated coal bunker has a capacity of 260 tons of coal, and on the 
ground is a wet-sand store-house, and up above an elevated dry-sand 
bin. The coal is brought on a side track and elevated by a bucket 
conveyor into the bunker : it is fed to the engine lenders through 
hinged gates and shoots. The wet sand is dried and elevated In the 
same way into the bin, and is led to the engines through spouts. 

Engine sheds or round houses arc now commonly constructed of 
reinforced concrete which is durable and fire-resisting, and Fig. jog 
shows a reinforced concrete signal box. 

Terminal buffers are also constructed of reinforced concrete, and this 
material is specially applicable to the construction of large buildings . 
such as power stations, fitting shops, warehouses, grain elevators, 
storage reservoirs and tunnels. Railway sleepers and telegraph poles 
are, of course, other applications in connection with railways, and are 
dealt with below. 

The round house shown in Fig. 310 is situated on the Santc Fe 
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Railway, United States. It is supposed to be one of the largest struc- 
tures of the kind in America. It measures 850 ft. by 94 ft., and has 
35 stalls, each stall bcinj* 92 feet lon^*, divided into two sections so as 
to give an inner and outer circle. The exterior, walls are 7 in. thick, 
and the beams and roofs are of reinforced concrete, as also the footings, 
columns, walls, of ring pits, engine pits, and di'op wheel pits. 

RAILWAY SLEEPERS. 

Figs. 311 and 312 show examples of railway sleepers, which are 
now being made in reinforced concrete. Concrete railway sleepers have 
been tried for a number of years by a few people and found to be 
thoroughly satisfactory, and at the present time a great many 
experiments arc being made by railway companies. Every year the 
scarcity of timber suitable for the purpose is getting greater ; its cost 
is a large item and its life is short. There is little doubt that before 
many years have passed we shall see all railway sleepers of reinforced 
concrete. 

The sleepers illustrated are being used extensively on the 
Southern Italian railways, no less than 100,000 of the type 
illustrated being ordered by the Italian Government in one 
year. The reinforcement consists of round iron rods arranged longi- 
tudinally in two layers, bound together by iron wire ; pieces of iron 
gauze are inserted in the middle of the ties and under the chairs ; 
vertical rods arc also placed underneath the chairs. 

CONCRETE IN MINES. 

Reinforced concrete has, for reasons similar to those given above, 
been adopted in mines for the lining of shafts, bearers for rails and for 
strutting and pit props. 

Fig. 313 shows some of the applications of reinforced concrete in 
mines in substitution for timber construction. This is the plan 
adopted in some mines in America. The revetments in these 
mine galleries were executed in sections about 5 metres long by the 
aid of timber moulds. The reinforcements consisted of ordinary 
steel rods placed horizontally and vertically. The walls were 
first concreted between centering, and the concrete for the roof 
packed in gradually as the centering was brought along. Some- 
times, where it was desired to secure very careful packing of the roof, 
cement grout was forced through tubes embedded in the arched rein- 
forced concrete roof, formed as before, so as to fill any fissures or 
spaces existing between the outer face of the concrete and the earth. 

Fig. 315 shows a gantry for the conveyance of coal from the pit 
head to the screening house and from thence to the railway siding. 
The coal is taiscd in trucks which travel on rails in the runways 
by gravity for a distance of 80 ft. 

Fig. 316 is another interesting application of concrete to mines, 
being a bird's-eye view of the various gantries, bunkers, and pithead 
structures at a colliery "in the Pas-de-Calais district. The high building 
on the right hand of the view contains the various bunkers. Fig. 317 
shows a series of reinforced concrete shelves r^nd switch-board for tho 
distribution of the electric current at this same rqinc, 



CONCRETE IN MINES. 315 



A&-.i^i 



CONCRETE IN MINES. 



CONCRETE IN MINES. 



316 CONCRETE IN MINES. 



CONCRETE IN MINES. 319 



J-iu.ilH. Con 



SOME 
UNCOMMON 

USES OF 
CONCRETE. 

TELEGRAPH POSTS. RAILWAY 
AND ELECTRIC LIGHT STAN- 
DARDS. SIGNAL POSTS AND 
NAME AND NOTICE BOARDS. 

F(™ alt tlipsc [lorpiisps ronercic is now- 
adays bcinR used. Fig. ji<» shows a 
tall trkKrapli polr. Via, jiti an iln-ltic 
Ii^h( Mamlaril. and y\^. jji a masi 
in which rpinluniil loncrrle is found 
1o be very .■loiiomi.al. To oblain 
timber suilablr lot such purposes is 
somewhat difficult, Kurlhpr, timber is 
Jiable to di-cay. Ihe cost of concrete 

Attcmpis have bfen made (or many 
years lo inrreasi- the life of wooden 
poles and posts by ihc adoption il 
various eipedienls. and though tliey 

life to about il> years, thai is far loo 
short lo be al all convcnienl. and in 

be used owing to its being eatrn by 
ants or damaited by animals. The iron 
post has IhTi'forc been found pcono- 



(ion of posts, and some work has been 
done with solid reinforced concrete poles, 
but (heir great weight was a disadvan- 
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tage. Attempts to make a hollow concrete pole were unsuccessful 
until the last few years, but -it is now possible to obtain ttiem of great 
length and strength and at a very great economy compared even to 

Electric light standards in concrete compete nc 
but with iron. They are economical in first cost 
painting, while their appearance is certainly superior. 

Hollow concrete masts for carrying; 
electric wires are now made in London. 
I'hese are reinforced with longitudinal wires 
and binding wires and the 
wrapped upon them by a 
special machine of a very 
ingenious character. They 
are of great strength. 

The machine while 
wrapping the concrete applies 
a spiral binding of wire at 
the same time round the 
steel collapsible mould upon 
which are straf^ted the longi- 
tudinal reinforcing bars, rhe 
concrete is compressed r)n 
the mould, and is kept in 
place temporarily by a 
wrapping of webbing or cloth 
ihat is fed on with the 
concrete. Fig. 319 Illus- 
trates a pole made by this 
method. 

Fig. 331 shows some 
different types of reinforced 
concrete telegraph poles that 
have been erected in Den- 
In connection with poles 
or posts for supporting tele- 
graph or other wires, we 
may note that reinforced 
concrete posts and supports 
have been employed to sus- 
tain the wires of rope con- 
veyors carrying sand or other 
materials. Fig, 313 shows 
the starting itaiion with the ■ 
bucket hanging on the wires, 
and a view of the support 
for the wires midway tietween 

UgM ttondard. stations. c 
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RIFLE RANGES. 
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P^ T'^""^^^™ Reinforced cancTctc 

)>■« be*n applied to tb* 
canitrucllon of large ele- 

I vated adveriitenicnt 

boards. They can t>e 
moulded on the ground 
and hoisted into posi- 
tion, or constructed in 

'''■£■ 334 shows ■ 
large reinforced concrete 
rifle range at Ostend. 
The height of (he targets 
is 41 ft., and they are 
7 in. thick. The supports 
of the targets are of rein- 
forced concrete, as are 
also the target! them- 

The other uses ol 
concrete suggested by the 
heading to this section 
require no explanation. 

SHIPBUILDING AND 
PORTLAND CEMENT. 



Fig 339. r«I«prspA siwl «lectH< pot«. 



Portland Cement is 
largely used for lining 
ships. It is Inadvisable 



to allow water, however small in quantity, lo lie in ~the bottoms or 
iron or steel ships, or to permit crevices to remain that can 
get filled with refuse or dirt which may absorb moisture, 
for then destruction in time by corrosion can only result. 
Certain cargoes, too, have an injurious elfeCl on iron or steel by 
chemical action. The insidcs of steel ships are therefore, nowadays, 
lined with Portland Cement. The plating and rivet heads, as well as 
the frame flanges are prHctically burled under a layer of Porltand 
Cement, and the Roors and keelsons are well covered with cement 
wash. Even with the double -bottomed vessels It Is recognised that 
water would drain Itself through and cause damage, so that Portland 
Cement i« used for treating the bottom plating, rivet heads, floort, 
angles, intercostais, etc. Next in importance to the bottom in a double- 
bottomed ship are the bilge and water courses, for which cement is 
largely used ; the shell, tanlcside angles and bracket angles are also 
well covered, the cement making it possible for the water to run freely 
through the drain holes in the bracket plate. In cases where well* 
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are used to drain off the bilge water these are thoroughly treated with 
cement. The bottom plating, lower parts of floors, frames and other 
portions in ballast tanks, and bilges, and wells arc also treated with 
cement, and often, instead of using paint for the internal parts of fresh 
water tanks, a good cement coating is used. Wherever it is possible 
for moisture to accumulate, such as in the double-bottom floors under 
the boilers, engines, hold tanks, and tunnels, a cement covering is 
employed. Cement is used for gutter waterways, and between the 
shelly and stringer angle bars between decks, and where frames are 
run up through the decks the spaces are filled in with it. 

As we have pointed out elsewhere in this volume, from the point 
of view of hygiene, there is advantage in using cement where cattle 
are to be accommodated ; it is therefore not surprising to find it exten- 
sively used in steamers engaged in the transport of cattle, for covering 
the decks, etc. Cement is also applied to the bosses of propellers 
when loose blades are used, the nuts, and the propeller or tail shaft 
nut being covered. 

Generally neat cement is not applied, but cement mortar made of 
a mixture of equal parts of cement and sand or of i of sand to 2 of 
cement, or of i of cement to 2 of sand, according to the purpose for 
which it is required or the experience of the user. Neat cement is 
sometimes placed on the bottom of oil tanks in oil tank steamers after 
they have been tested, and is usually applied about 1 in. thick. 

Portland Cement though employed in the above mentioned con- 
struction of ships, is also largely used for ship repairs. It is found 
to be very useful in the temporary but effectual stopping of leaks ; 
there are numerous cases of damaged vessels being brought home safely 
by the use of Portland Cement, and two instances will suffice. One 
occurred a few years ago on the Hooghly river in India : a sailing 
vessel went aground and damaged her bottom rather extensively, the 
plating being corrugated almost right fore and aft, with a resufl that 
she was found to be leaking badly. To stop this and to enable the 
vessel to be brought home for repairs a covering of Portland Cement 
was laid completely over the bottom of the ship on the inside, the 
thickness graduating from 12 in. at the middle to about 4 in. at the 
sides. A cargo was then put aboard, and when the vessel arrived in 
this country she was docked and repaired. Very bad weather was 
experienced on the passage home, yet in spite of this the cement had 
kept the cargo entirely free from water, and when the cement came 
to be removed to enable the work of repairing the bottom to be pro- 
ceeded with, it was found not to be an easy matter. The second 
instance was in the case of the " Wingfield ** when she collided with 
the " Mexican,'* the former being engaged in transporting Yeomanry 
to the Cape during the late war in South Africa. The " Wingfield ** 
was so badly damaged that the fore end was completely stove in. 
Temporary repairs by filling in the forepeak solid with Portland 
Cement were effected at the Cape, to enable her to come to this 
country for permanent repair, and the passage was safely carried out. 

It has been found in many cases very difficult to repair vessels 
which have sustained underwater damage when alongside a ' wharf. 
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particularly when they have been partially loaded, but in such instances 
Portland Cement has been found a most satisfactory remedy. A square 
has been formed round the damaged portion the depth of the spar 
ceiling and cement run in. 

A somewhat novel application of concrete, but only typical of the 
many similar uses to which the material can be advantageously put, 
is shown in Figs. 325 and 326. The former illustration refers to the 
old type of anchor which fishermen used to use off the coast of 
Denmark for keeping in position the nets, particularly those for 
catching eels. It will be seen that the anchor takes the form of a 
heavy stone held between branches of willow. The new type of 
anchor, however, was an arrangement devised some time ago by one 
of the fishermen on the coast of Zeeland, and consists of a block of 
concrete with projected angle irons as shown in Kig. 326, the cost of 
which worked out to about is. These anchors are cast by the fisher- 
men themselves. 



BOATS, BARGES AND PONTOONS. 

One ol the most novel and striking applications of reinforced con- 
crete is found in its use for boats, barges and pontoons. Figs. 32«S 
and 329 show such examples on the River Tiber at Rome. 
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Barges and pontoons built In reinforced concrete are advantageous 
inasmucli as they are quickly and easily constructed al small cost in 
comparison with ordinary methods. Such vessels are subject lo rough 
usage, but their monolithic construction gives a high power of resist- 
ance. They also have the advantage of being fire-resisting. Their 
smooth suriace oHers but slight resistance lo water, and weeds cannot 
easily adhere to it. The usual scraping and any repairs are executed 
without much difficulty or expense. The cost of construction as com- 
pared with steel barges or pontoons is estimated at about one -half, 
and the cost of maintenance at about one-fourth or one-third. In 
many places in the country such pontoons mlgtit be used (or ferries, 
while house-boats of reinforced concrete should tie found highly 
advantageous. 

Fig. 318 shows a conrrelE barge conslruiti.'d in Italy; it was built 
for towing purposes. I'he details of the construction are shown in tile 
diagram. The concrete used nas cumpostd of 3 parts I-inch cuariie 
material, i} parts sand, and ij pans Portland Crnient. This barge was 
built in lyoti, since when it has been in I'onslunl use for lual traffic. It 
has e carrying capacity of 150 tons, and is still giving satisfaction. 

H'igs. 317, jju lo _i3i require no descriptions further than those 
under the illustrations. 

CONCRETE FURNITURE. 

from a tcsling^all brands mixed — and several samples of natural sand 
from the same source. The mortar was mixed 1 to 3 and wet enough 
to be readily filled and tamped in a | in. space. The walls are i\ in. 
thick, except Ihe centre panels of the doors, which are only i in, thick. 



Fig. 337. rioatlno dock at OiMMbors. 
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Fia- 338. A Ttintateei concrete bargt. 
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The wbIU are reinforced with i in. mesh galvanited wire netting. The 
hinges were ipecially duigned to be embedded in the wall* and door*. 
The lormg consisted of an outer box without top or bottom and two 
inside forms or cores, or boxes with tops and no bottoms. The space 
between the outer and inner forms was il in. The door* were cast 
first by filling in a frame of the proper dimenaions, laid on a pane 
of glass, and oiled to form a flat surface. The hinges were placed 
rightly by the help of marks on the frame and secured to it by small 
brad* before the mortar was tilled in. The same form answered for 
the two doors by simply reversing the position of the hinges. When 
hard enough to withstand handling, the two doors were placed in their 
proper relation face down on a flat surface and the outer box form 
placed around them. The edges of the doors were covered with several 
thicknesses of oiled paper and the Portland Cement mortar wus filled 
in around them level with the doors, making the layer of mortar just 
ij in. thick. The inside forms wpre immediately placed in pOMtion. 
open end d<ftirn. and supported by the doors, which were sufl!iciently 
hard. They reached to within li in. of the lop of the outer form, 
and there was an open space of ij in. uround each core. The mortar 
wa* then filled In and around these cores and smoothed off even with 
the top edge of the outer form, this top layer forming the back of the 
cbsel. The reinforcement, o( course, had to be placed in 
position before filling in, the wire being kept in position in 
the middle by strips of ) in. board, which were moved along or taken 
out as the mortar was filled in. Cleats for Ihe shelves were alk)wed 
for by providing longitudinal strips on the sides of the core boxes, in 
widths equal to the distance desired for the cleats. 

Extensive improvements have been effected at Aberdeen Harbour, 
including the erection of about a mile of walls. In connection with the 
engineer's department, 
there is a very complete 
Uboraiory for testing 
cement, and Figs. 336 
and 335 show some re- 
inforced concrete furni- 
ture therein. The first 
example is a table for 
ofhce use. and the other 

storage of cement bri- 
quettes before testing 

tensile strength. Inside 
the cabinet are rein- 
forced concrete trays 
containing the briquette* 
immersed in water. The 
cabinet i* composed of 
Portland Cement, 
franite and (and, and _ 
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reinforced wilh ex- 
panded metal, rhe w.ills 
being 1 in. thick, and 
the bottom il in. ihick ; 
Ihe doors are i in. 
thick with panels i in. 
(hick, and the Irays are 
i in. Ihiclc. The labl'! 
is reinforced with i in. 
steel rods and enpandt'd 
metal fiistened together 
with wires. 

MISCELLANEOUS. 



put into I 
They are 



blackboards are formed either upon (he ordinary brick or concrete 
wall or upon a metal lalh on battens. While the undercoat is slitl 
green, the surface finish is trowelled on wilh neat cement paiile mixed 
with very finely divided carbon black pignient. A smooth surface is 
thus obtained which consumes little chalk and to a great extent 
eliminates chalk dust. An imponanl feature is Ihat It presents an 
absolutely dead finish without reflection, making it possible to see 
whatever is on the board from any angle of the room. 

Tombstones and burial vaults nre now frpquenlly conslruftfJ in 
concrete. It ia sometimes staled that Portland Cemrnl mortar used lor 
joinling stains maible tombstones. This may be due to some chemical 
action which trees (he iron in Iho cement, and in course of time the 
iron ixide so leleased is precipitated on the- marble. Kor such purposes 
a cement with little if any iron in il should be used, and such cement 
ran be oblained. 

I'iis' 337 illustrates a monumental statue at Ksp;ily. near the town 
of Puy, France, built at the summit of a basaltic rock. The pedestal 
and figure are hollow, the former containing galleries and staircases. 
The statue is 4S ft, 6 in. high from the platform to top of head, making 
the total height of the monument ^l ft, 9 In, The statue was cast in 
pieces and joined together in lilu and sustained by a reinforced concrete 
Iramework, The joints are not noticeable and the statue looks as 
though il were one huge block ol stone. 
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Fig 33T. Statue at Bfiialv. 
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MEMORANDA FOR 
C ONCRE TE USERS. 

SOME GENERAL NOTES. 

I ton of Portland Cement = lo sacks of 2 cwts. (224 lbs. 
nett) each; or 11 sacks of 204 lbs. nett each; or li 
sacks of 187 lbs. nett each. 
I c. ft. of Portland Cement weighs from 75 to 85 lbs. When 
loosely filled in without any shaking, and about no 
lbs. when tightly packed. 

The Royal Institute of British Architects advises 
the adoption of 90 lbs. as the basis of comparison 
in converting from cubic feet to lbs. for propor- 
tioning concrete. This has also been adopted as the 
standard by the London County Council in their 
regulations for reinforced concrete construction in 
London. 
I c. ft. = .037 c. yds. = 1,728 c. in. 
I c. yd. = 2^ c. ft. = 46,656 c. in. = i load. 
I ton = 20 cwts. = 2,240 lbs. = 35,840 ozs. 
I gallon of water = 10 lbs. = .16 c. ft. = 277.46 c. in. 
Minimum specific gravity of Portland Cement required by 
British Standard Specification is 3.15 at works and 3.10 
4 weeks after gauging ; in determining proportions of 
concrete we have assumed the average specific gravity 
to be 3.12. 
I c. ft. of fresh water weighs 62.4 lbs. = 6.23 gallons -= 

.037 c. yds. 
I c. ft. of salt water weighs 64 lbs. = 6.23 gallons. 
Average weight of i : 2 : 4 concrete : coke-breeze as 
coarse material 100 lbs. per c. ft.; clinker no lbs. per 
c. ft.; brick 125 lbs. per c. ft.; limestone 135 lbs. per 
c. ft.; shingle as coarse material 145 lbs. per c. ft. 
Average weight of 1:2:4 reinforced concrete 150 lbs. per 

c. ft. 
I ton = 21 c. ft. river sand = 22 c. ft. pit sand = 22 c. 
ft. ballast = 23 c. ft. coarse gravel = 24 c. ft. clean 
shingle. 

z 
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An average wood wheel-barrow is made to contain j\^ c. yd. 
of heaped wetted material. 

Average load of broken stone or ballast for wood wheel- 
barrow = 2.4 c. ft. 

Average load of sand for wood wheel-barrow = 2.5 c. ft. 

Large load of broken stone or ballast for average iron 
wheel-barrow = 3.0 c. ft. 

Large load of sand for iron wheel-barrow = 3.5 c. ft. 

Average load of ordinary concrete (rammed) for iron wheel- 
barrow = 1.9 c. ft. 

Large load of concrete for iron wheel-barrow = 2.2 c. ft. 

Average net time of one man filling wheel-barrow with 
concrete = ij min. 

Average quantity of concrete mixed, wheeled 50 ft., and 
rammed, per man per day of 8 hours = 1.76 c. yds. 

Approximate percentage of strength of concrete at different 
ages in comparison with the strength at i year : 

28 days old, 60 per cent. 

2 months ,, 75 

3 M >» 85 

4 n M 90 
6 M )) 95 
I year ,, 100 

CRUSHING. 

The resistance of concrete to crushing varies with the 
grading of the materials (t.e., the percentage of voids), with 
the character and size of the coarse material and sand, the 
amount of ramming to which the concrete is subjected, the 
quantity of cement^ the amount of water used in mixing, 
the curing, and the age. With so many factors involved 
it will be seen that it must be difficult to obtain anything 
like uniform results in actual practice, and to reach the 
highest stresses it is necessary to have the right material 
properly graded and tested under laboratory conditions. 
The requirements of the London County Council and the 
specification drawn up by the Joint Committee on Reinforced 
Concrete (which was comprised of representatives of the 
following bodies, viz.. Royal Institute of British Architects, 
District Surveyors' Association, Institute of Builders, 
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Institute of Municipal and County Engineers, War Office, 
Admiralty, London County Council, Concrete Institute) 
call for a crushing resistance of 1:2:4 concrete to be 
1,800 lbs. at 28 days and 2,400 lbs. at 90 days. 

The following figures give the results of a series of 
tests made by Mr. William G. Kirkcaldy on a mixture of 
identical materials under the various conditions described : — 

Proportions: 4 c. ft. Thames shingle (passing | in. 
mesh and retained on ^ in. mesh), 2 c. ft. sand (25 per cent, 
passing ^ in. and retained on | in. mesh, 75 per cent, 
passing J in. mesh), i loose c. ft. ** Ferrocrete '* cement = 
76.2 lbs. Percentage of voids in shingle, 41.3; coarse sand, 
40.5; fine sand, 29.1. 



Mixed fairly wet (as in 
practice), water added — 
53-75 lbs. 





Age 


Age 


28 days. 


90 days. 




lbs per 


lbs. per 




sq. in. 


sq. in. 


Not sprinkled 


1026 


1787 


Sprinkled with 






water every 






other day for 






first three 






weeks 


1118 


1789 


Not sprinkled 


1718 


2440 


Sprinkled . . . 


1668 


2514 


Not sprinkled 


2018 


2914 


Sprinkled . . . 


2032 


3159 


Not sprinkled 


2225 


33" 


Sprinkled . . . 


2078 


3554 



Mixed fairly dry (not 

rammed), water added — 

45 lbs. 
Mixed fairly dry (rammed), 

water added — 40 lbs. 
Mixed very dry (rammed), 

water added — 35 lbs. 

These variations are not in any way exceptional, but are 
borne out by our observations on tests carried on from time 
to time in cur own laboratories. For 1:2:4 concrete it 
would appear, therefore, tha^. as mixed on the job it should 
not be expected to reach such a high resistance as i ,800 lbs. 
in 7 days and 2,400 lbs. in 90 days, although such tests may 
be obtained with hard, well-graded coarse material tested 
under laboratory conditions. The character of the coarse 
materia] used must always be taken into consideration, but 
the figures of 1,400 lbs. at 28 days and 2,000 lbs. at 90 days 
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nearly represent the results obtained under normal working 
conditions with material such as Thames ballast. 

It should be borne in mind that at 90 days concrete docs 
not by any means reach its full strength, but that there is a 
steady increase of strength over a long period. 

Safe compressive strength of 1:2:4 concrete = 600 lbs. 
per sq. in. 

Tensile strength of good 1:2:4 concrete = about 150 lbs. 
per sq. in. at 28 days. 

Safe adhesion strength of concrete to steel = 100 lbs. ptr 
sq. in. of area of metal. 

Ultimate strength of mild steel in tension = 60,000 lbs. per 
sq. in. 

Safe strength of mild steel in tension = 16,000 lbs. per sq. 
in. 

.78 c. ft. of stiff cement paste will result from mixing .35 
c. ft. of water with i c. ft. of loose cement. 

I c. ft. of loose Portland Cement will make about : 

4.1 c. ft. of concrete mixed 1:2 14 

S »» II >> >> * • ^a • 5 

S'" f> If 11 II I • 3 • ^ 

7'5ii ft If 11 1:4**^ 

I c. ft. of loose Portland Cement neat as cement paste will 

cover about 9.5 sq. ft. i in. thick. 

I c. ft. of loose Portland Cement to i Sand will cover about : 

14.7 sq. ft. I in. thick. 

I c. £t. of loose Portland Cement to 2 Sand will cover about : 

23.2 sq. ft. I in. thick. 

I c. ft. of loose Portland Cement to 3 Sand will cover about : 

32 sq. ft. I in. thick. 

I c. ft. of loose Portland Cement to 2 Sand will lay about : 
146 bricks with | in. joint, and 247 bricks with ^ in. 
joint. 

M. c. ft. of loose Portland Cement to 3 Sand will lay about : 
212 bricks with | in. joint, and 317 bricks with ^ in. 

joint. 
11.5 c. ft. of rubble stone work. 
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I yd. super, of pointing brick work in neat cement requires 
about 8 lbs. of cement. 

loo lbs. of Portland Cement and i c. ft. of sand will plaster : 

2^ sq. yds. i in. thick. 

3 >> >> 4 >» 
4* >> >> a 99 






IOC lbs. of Portland Cement and 2 c. ft. of sand will plaster : 

3 sq. yds. i in. thick. 

4i >» 99 f >l 






PROPORTION OF SOLIDS AND VOIDS IN VARIOUS 

. COARSE MATERIALS. 



Agj?regatcs. 






M 



n 



Voids 



Sand, moist, fine, passing i8-mesh sieve... 

(ije. 334 meshes to the sq. inch) 

coarse, not passing i8-mesh sieve 
coarse and fine mixed, ordinary 
1) ory, ,, f, ,, ^, •■• 

Stone screenings and stone dust 
Ballast, I in. and under, 6 per cent, coarse sand 

Broken stone, i in. and under 

2^ in. „ „ dust only screened out 
2 in. ,, ,, most small stones 
screened out ... 



»i 



»i 



»» 



»» 
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MORTARS WITH ORDINARY (FINE 9 COARSE 

MIXED) SAND. 



Parts of sand mixed 

with I part of cement 

Volumeof slush mortar 

Volume of dry facing 

mortar (rammed) ... 



lO 


1-5 


20 


2-5 


30 


35 


14 


178 


217 


2-55 


298 


339 


1-22 


1-57 


1-93 


2-28 


2 64 


299 



I I 

40' 50 
382 465 



3'35 



408 



BEARING POWER OF SOILS. 



Kind of material. 



. • . 



Rock, hardest, in thick layers in 

natural bed 
Rock equal to best ashlar masonry 
Rock equal to best brickwork 
Rock equal to poor brickwork ... 
Clay in thick beds, always dry ... 
Clay in thick beds, moderately dry 
v^iay, soil ... ... ... ... 

Gravel and coarse sand, well com- 

l-'tlVi' LCU ... ... ... •*. 

Sand, compact 

Sand, clean dry 

Quicksand, alluvial soils, etc. 



Bearing power in lbs. 
per sq. ft. 



Min. 



Max. 



400,000 

50,000 

30,000 

10,000 

8,000 

4,000 

2,000 

1 6,000 
8,000 
4,000 
1,000 



60,000 
40,000 
20,000 
12,000 
8,000 
4,000 

20,000 

12,000 

8,000 

2,000 



SUPERIMPOSED LOADS ON ROOFS AND FLOORS OF 

BUILDINGS. 



Class of Buildings. 



Flat roofs 

Dwellings, hotels, tenements, work 

houses 

Offices and stables 

Buildings for public assembly 

Ball and drill rooms 

Stores, warehouses and factories 



Super load in lbs. per 
sq. ft. 



56 

70 
100 
112 

224 and over 



(These loads cover an allowance of 200 lbs. per ft. run of partition^ 
pot cj^ceeding ?o lbs, per ft. super of floor area). 
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WEIGHTS OF VARIOUS SUBSTANCES IN LBS. 

PER CUBIC FOOT. 



Aluminium 162 

Asphalt Kock 100 

American Ash 3^ 

Ballast and Sand, dry, loose 

90 to 106 
Ballast and Sand, well shaken 

99 to 117 
Ballast and Sand, perfectly 

wet 120 to 140 

Bitumen 87 

Brass, cast 504 

Brick, best pressed 150 

II nrc ••• •«■ ••• ^jf 

„ common hard ... 125 

„ soft, inferior 100 

Brickwork, pressed brick, in 

cement 140 

Brickwork, ordinary ... 120 

Cement, loose from sacks 75 to 85 

^naiK ... ... ... ... X I £ 

Clay, in lump, loose 63 

,1 solid 120 

Coal, solid 82 

„ broken, loose 49 

Coke, loose 62*5 

Concrete, mean 124 

Earth, common loam, dr>', loose 76 
common loam, dry, 

moderately rammed.. 95 

„ compacted 136 

„ as a soft, flowing mud 108 

Elm, dry 35 

Flint 162 

Glass, common window ... 157 

Grain, at 60 lbs. per bushel... 48 

Granite, Scotch 164 

Gravel, common, loose ... 109 

Hemlock, dry 25 

1 cc ... ... ... ... 0/4 

Iron, cast 450 

„ wrought 480 

x^CSLQ ... ... ... ... y l\J 

Lime, slaked 25 to 37 

Limestones and Marbles ... 168 
Limestonesand Marbles, loose 

broken 96 

Masonry, dressed granite or 

limestone 165 

„ dressed rubble set 

in mortar 154 

„ dressed rubble, dry 138 

,, dressed sandstone.. 144 



n 



M 



Mortar, hardened 103 

Mud, dry, close ... 80 to no 

,, wet, fluid, maximum ... 120 

Oak, dr>' ... ... ... 59 

Petroleum 55 

Pumice Stone 57 

Pine, white, dry 25 

„ yellow 34-45 

„ pitch 65 

Plaster of Paris, cast ... 80 

Quartz 165 

Quicklime, ground, loose^or 

in small lumps... 53 
ground, loose, 
thoroughly shaken 75 

Red Lead 557 

Salt, loose 50 to 70 

,, solid ... ... ... 133 

Sand, pure quartz, perfectly 

dry, loose, 89 to 106 
„ pure quartz, perfectly 
dry, slightly shaken, 

92 to no 
„ natural, dry, maximum 117 
„ perfectly wet, voids 

full of water, 118 to 120 

Shale ... 162 

diaie ... ... ... .*. /d 

Snow, freshly fallen ... 5 to 12 

moistened and com- 
pacted by rain, 15 to 50 

Spar, calcareous 171 

Speltzer or Zinc 438 

Spruce, dry 25 

Steel ... ... ... ••• 49^ 

Stone, Bath 122 

Basalt 164 

Kentish rag 165 

Portland 148 

Sandstone 137 

Traprock 169 

Tallow 58*6 

1 ar ... ... ... ••* 02 

iiie ... ... ... ... ^^3 

Water,pure,at39-2*' F.,or4*C. 
(for i3asis of determin- 
ing specific gravity) 62*425 
rain, at 60® F. ... 62*3 

sea (salt) 64 



M 



n 

)» 

11 



'I 



Green timbers weigh ^ to ^ 
mor? than dry. 



MEMORANDA. 



345 



SIZES AND PROPERTIES OF STEEL BARS AS ARE 

GENERALLY USED IN REINFORCED 

CONCRETE WORKS. 

One Cubic Ft. of Steel weighs 489.6 lb. 



Thickness 


Weight of 


Weight of 


Area of 


Area of 


Circumfer- 


or diam. 


• Bar 


■ Bar 


• Bar 


■ Bar 


ence o( • 


in ins. 


I foot long 


I foot long 


in sq. ins. 


in ins. 


Bar in ins. 




IbB. 


lbs. 


lbs. 


lbs. 


llm. 


OA 


•094 


119 


•0276 


•0352 


•589 


i 


•167 


•212 


•0491 


0625 


•7854 


^ 


•261 


•333 


0767 


•0977 


-9817 


f 


•375 


•478 


•II04 


•1406 


1-1781 


^ 


•5" 


•651 


•1503 


•I914. 


13744 


h 


•667 


•850 


•1963 


•2500 


1-5708 


A 


•845 


I 076 


•2485 


•3^64 


1-7671 


i 


1043 


1-328 


3068 


-3906 


19635 


H 


1262 


r6o8 


-3712 


•4727 


21598 


! 


1502 


1-913 


•4418 


•5625 


2-3562 


ii 


1763 


2245 


•5185 


-6602 


2-5525 


i 


2044 


2*603 


-6013 


7656 


2-7489 


H 


2347 


2-989 


•6903 


•8789 


2-9452 


1 


267 


34 


•7854 


I'OOO 


3-1416 


iV 


3014 


3-838 


•8866 


II289 


3-3379 


i 


3"379 


4303 


•9940 


1-2656 


3-5343 


A 


3766 


4795 


1-1075 


1-4102 


3-7306 


J 


4'i73 


5312 


1*2272 


15625 


3-927 


A 


4-6 


5-857 


1-353 


1-7227 


4- 1233 


• 


5'049 


6-428 


1*4849 


1-8906 


4-3197 


tV 


5-518 


7*026 


1*623 


2 0664 


4-5160 


h 


6008 


765 


1*7671 


225 


47124 


i^» 


652 


8-301 


1-9175 


2-4414 


49087 


& 


7051 


8978 


20739 


2 6406 


5- 105 1 


H 


7604 


9682 


22365 


2-8477 


5-3014 


1 


8-178 


10*41 


24053 


3-0625 


5-4978 


it 


8773 


1117 


2*5802 


32852 


5-6941 


J 


9388 


11*95 


2*7612 


35156 


5-8905 


i« 


1002 


1276 


2-9483 


37539 


6-0868 


2 


IO-68 


136 


31416 


4000 


62832 



HOOPS AND BANDS 

Are obtainable in widths increasing by | in. from a minimum 
width of f in. in the following thicknesses : — Gauges i to ^6, 
<(nd 1^, ^, ^, -^y ^y ^, fy ^, /^, ^, ^\ in. 
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FLATS 

Are obtainable as follows : 



Width. 



Inches. 

6 

IS 

n 



i, I, li, ij, if 



Thickness. 

Inches. 
A to f 

T% to i 
T% to J 



Width. 



Inches. 
1^1 li li i^ 

2, 2|, 2|, 2^ 



2i 2l 3 



Thickness. 
Inch. 



t\ to I 



IRON WIRE. 

Sizes, Weights, Lengths, and Breaking Strains, 
Imperial Standard Wire Gauge. 



Sizes 
on 


Dia- 


Wei 


ght. 


Length 


Breaking Strain. 


Wire 


meter 
• _ 1 






per 


• 




Gauge. 


in In. 


100 yds. 
lb. 


I mile. 


cwt. 
yards. 


Annealed 
lb. 


Bright. 






lb. 


lb. 


7/o 


•500 


193-4 


3404 


58 


10,470 


15,700 


6/o 


•464 


166-5 


2,930 


67 


9,017 


13.525 


5/0 


•432 


144-4 


2,541 


78 


7.814 


11.725 


4/0 


•400 


123-8 


2,179 


91 


6,702 


10,052 


3/0 


•372 


1071 


1,885 


105 


5,796 


8,694 


2/0 


•348 


937 


1,649 


120 


5,072 


7,608 


I/O 


•324 


812 


1,429 


138 


4.397 


6,595 


I 


■300 


696 


1,225 


161 


3,770 


5.655 


2 


•276 


589 


1,037 


190 


3,190 


4.785 


3 


•252 


49' I 


864 


228 


2,660 


3,990 




4 


•232 


41-6 


732 


269 


2.254 


3.381 


S 


212 


34-8 


612 


322 


1,883 


2,824 


6 


192 


28-5 


502 


393 


1.544 


2,316 


7 


•176 


24 


422 


467 


1,298 


1.946 


8 


•i6o 


198 


348 


566 


1,072 


1,608 


9 


•144 


16 


282 


700 


869 


1,303 


10 


•128 


127 


223 


882 


687 


1,030 


II 


116 


10-4 


183 


1,077 


564 


845 


12 


104 


8-4 


148 


1.333 


454 


680 


13 


092 


6s 


114 


1.723 


355 


532 


H 


•080 


5 


88 


2,240 


268 


402 


15 


•072 


4 


70 


2,800 


218 


326 


16 


•064 


3-2 


56 


3.500 


172 


257 


17 


•056 


24 


42 


4,667 


131 


197 


18 


•048 


1-8 


32 


6,222 


97 


145 


19 


040 


12 


21 


9.333 


67 


100 


20 


•036 


I 


18 


11,200 


55 


82 
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GLOSSARY. 



Aeration 
A^egate ... 
Air slaking ... 



Baffle plate 



Battens 
Caisson 



Centering 
Chamfer 

0, Cm ... 

eft, ... 
Forms 



...see page ii. 

...see page 14. 

...exposure of cement or lime so that it is 
able to absorb moisture from the air to 
enable the free lime to slake. 

...a division that shoots off material until 
it strikes another surface, thus tending 
to churn the material. 

...timbers of small width. 

...a watertight compartment. 
Carbonic anhydride,,, carbon dioxide or carbonic acid gas, a 

compound of oxygen and carbon exhaled 
by animals and produced by combustion 
of coal and wood. 

...horizontal forms, see '* forms.'* 

...to grind or cut off to a sloping edge. 

...cubic centimetres. 

...cubic feet. 

...timber or metal work intended to serve 
as moulds or supports in or upon which 
concrete may be applied. These forms 
are usually removed when the concrete 
has hardened. 

...the condition when concrete has not 
become thoroughly hardened and dried 
out, though it has taken its first set. 

...see page 92. 

...lime which has the property of setting 
though wet, i.e.^ without requiring to dry 
out or have access to air to harden it. 

...constructed completely and directly in 
the final position, like a concrete wall 
built in between boards instead of being 
built of blocks ; or a pavement formed 
by laying the concrete on the ground, 
instead of putting down separately 
moulded paving slabs. Work moulded 
on the site is not necessarily in situ^ 



Green 

Grout 
Hydraulic lime 

in situ 
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GLOSSARY. 



Initial setting 
Paddle 

Plumb 

Plums 

Puddle 



Ramming ... 



Random rubble 



Riser 

Kt^tJ , S ... 

Scantlings 
Screeding 
Seconds or thirds 

Short 

Shuttering ... 
Slake .... 

Silo ... 

Soffit,,, 
Stringer 

Stucco- 
Sump 

Tamping 



Tread 



♦ •♦ 



...see page ii. 

...a piece of wood shaped like the blade of 

an oar. 
...exactly vertical, or perpendicular. 
...see page 39. 
...to stir material which is in a slushy 

condition so as to work it into place, 

and to increase its solidity. 
...the operation of pounding concrete with 

a large rammer, to increase its solidity. 
...a kind of masonry made of irregularly 

shaped pieces of stone roughly put 

together. 
...the vertical part of a step. 
...rolled steel joists. 
...narrow pieces of timber. 
...see page 86. 
...qualities of any article inferior to the 

first. 
...without tenacity, 1.^., brittle, or easily 

pulverised. 
...vertical forms, see "forms." 
...to change quicklime into an hydrated 

condition by the addition of water. 
...a bin to hold materials ; a term usually 

applied to bins for grain. 
...the under side of a beam, floor, or arch. 
...the side beam-like support of a stair- 
case which carries the ends of the steps. 
...the fine finish of external plastering. 
...a sunken pit or receptacle to collect 

liquids. 
...the operation of poking concrete with 

a small rammer, rod, or other small 

tool. 
..,the horizontal part of a step. 



Some Notes concerning the 

Associated Portland Cement 

Manufacturers ( 1 900) 

Limited 



'■ i 



PROPRIETORS OF THE 
LEADING BRANDS OF ENG- 
LISH PORTLAND CEMENT 



Portland Haute, Llo»dM Amhiu. 1 

OStcei of 
The Jisociated PuTlland Cement Uanufiu 
(Tlitcolaimu, bran*>./(oori. roof, an. 
buUdinii are lii rtin/oraed coi 
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SOME NOTES CONCERNING THE 
ASSOCIATED PORTLAND CEMENT 
MANUFACTURERS (1900) LTD.. PRO- 
PRIETORS of the LEADING BRANDS 
OF ENGLISH PORTLAND CEMENT. 



IN the year 1900 the Associated Portland Cement 
Manufacturers (1900), Limited, was formed, consisting 
of the following twenty-four firms or Companies engaged 
in the manufacture of Portland Cement, amongst which 
were included tAe oldest established and best known in 
the world : 

JOHN BAZLEY WHITE & BROTHERS, LTD. 

HILTON, ANDERSON, BROOKS & CO., LTD. 

KNIGHT, BEVAN & STURGE. 

FRANCIS & CO., LTD. 

ARLESEY LIME AND PORTLAND CEMENT CO., LTD. 

BURHAM BRICK, LIME AND CEMENT CO., LTD. 

LONDON PORTLAND CEMENT CO., LTD. 

GIBBS & CO., LTD. 

ROBINS & CO., LTD. 

W. TINGEY & SON. 

LAURENCE & WIMBLE. 

BOOTH & CO., LTD. 

WOULDHAM (MEDWAY) CEMENT WORKS CO. 

CHARLES FRANCIS, SON & CO., LTD. 

NEW RAINHAM PORTLAND CEMENT CO., LTD. 

IMPERIAL PORTLAND CEMENT CO., LTD. 

BORSTAL MANOR CEMENT CO., LTD. 

TOWER PORTLAND CEMENT CO., LTD. 

HOLLICK & CO., LTD. 

PHCENIX PORTLAND. CEMENT CO., LTD. 

WESTON & CO. 

McLEAN, LEVETT & CO., LTD. 

MACEVOY & HOLT. 

WILDERS & GARY. 
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The history of many of the afore-mentioned businesses 
is full of interest to those concerned in the Portland Cement 
industry. 

The firm of John Bazley White & Bros, was originally 
founded in 1805, a full century ago, and after the invention 
of Portland Cement in 1824 by Joseph Aspdin they took 
up the manufacture from the very outset at Swanscombe. 
It is there that the ** J. B. White & Bros/' brand is still 
produced, and these works have now become the largest 
and most important for this manufacture in Europe. In 
close proximity are the works at Northfleet at which the 
younger Aspdin began to manufacture the article. They 
were owned for many years by Messrs. Robins & Co., 
Limited, and passed into the hands of the Associated Port- 
land Cement Manufacturers (1900), Limited, in the year 
1900. Almost adjoining, also at Northfleet, is the large 
manufactory established in the year 1853 by Messrs. Knight, 
Bevan & Sturge, whose ** Pyramid *' brand is known all 
over the world, and that of the London Portland Cement 
Co., the manufacturers of the ** Lighthouse '* Brand. On 
the Essex side of the river are the works of Messrs. Brooks, 
Shoobridge & Co., and Messrs. Gibbs & Co., both cf which 
were founded more than thirty years ago, and whose pro- 
ducts meet with great favour in numerous markets both at 
home and abroad. The works formerly owned by Messrs. 
Francis & Co., at Cliffe, are amongst the very oldest in 
the trade. 

On the Med way the most notable works are those 
which originally belonged respectively to : Messrs. Hilton, 
Anderson & Co., the Burham Brick, Lime and Cement Co., 
Limited, the Gillingham Co., Messrs. W. Tingey & Son, 
the Phoenix Portland Cement Co., etc. Of these firms the 
first began their operations at Faversham as manufacturers 
of Roman Cement in the year 1816, and subsequently em- 
barked upon the manufacture of Portland Cement at Upnor 
in 1849, ^^d at Hailing in 1878. In the immediate neigh- 
bourhood of the properties above referred to lie most of 
the Associated Company's remaining works, with the excep- 
tion of the manufactories at Arlesey in Bedfordshire 
(** Eddy stone '* brand) and the Vectis works in the Isle of 
Wight, formerly owned by Messrs. Charles Francis, Son 
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& Co., from both of which a large and increasing trade is 
done in the Midhinds and in the South of England. 

At its Thames and Medway works the Company pos- 
sesses the finest raw materials in the worW, in quantities 
sufficient to last for many generations to come. The prac- 
tically unvarying composition of these materials accounts 
largely for the reputation which all these brands, now 
controlled by the Associated Company, have achieved in the 
home, the colonial, and the foreign markets of the world. 
It is true that of late years the production of Portland 
Cement has attained large dimensions in some countries 
outside the United Kingdom, but none of these possess 
natural advantages equal to those of the Thames and Med- 
way district, which alike by seniority and suitability has 
been rightly described as the cradle of the industry. 

The Associated Company's properties in the valleys of 
the Thames and Medway alone cover approximately 4,000 
acres. Its river frontages are more than nine miles in 
length, and a fleet of over 200 vessels, consisting of steam 
tugs, lighters and barges, owned by the Company, is daily 
plying to and from its numerous docks and wharves lor the 
transport of materials and manufactured products. Several 
of the works have equally good facilities for delivering by 
rail and by water. Central foundries and engineering shops 
have been erected at Northfleet for the Thames, and at 
Frindsbury, near Rochester, for the Medway districts. 
There it is that repairs to machinery and additions to plant 
which cannot conveniently be carried out at the numerous 
local workshops are promptly executed. The cask-making 
machinery at the Company's Cooperages is capable of turn- 
ing out, chiefly for export, upwards of three and a half mil- 
lion barrels a year. The greater part of the Portland Cement 
for the home trade is supplied in sacks. At the numerous 
factories every approved method of mixing the raw 
materials, and of burning and grinding the Portland 
Cement, may be seen in operation, and any new process 
likely to lead to improvement in quality or to economy of 
production, receives the most careful examination of the 
Company's experts. As an instance of this may be cited 
the radical change in the mode of burning Portland Cement 
clinker by means of rotary kilns, which was introduced a 
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few years ago and is rapidly superseding older methods. 
This new process has been adopted by the Company at tlie 
cost of a very large sum of money, and is in urc for the 
production of nearly 900,000 tons of Portland Cement 
annually at the works formerly owned by Messrs. John 
Bazley White & Brothers, at Swanscombc, Messrs. Knight, 
Bevan & Sturge, at Northfleet, the Arlcscy Lime and Port- 
land Cement Company, Limited, at Arlesc>, the Burham 
Brick, Lime and Cement Company, at Aylesford, and 
Charles Francis, Son & Co., at the Isle of Wight. 

At Gravesend the central offices and laboratory are in 
telephonic communication with each of the works, and their 
respective laboratories and testing rooms, whence daily 
reports of chemical and other tests are received and regis- 
tered. There is constant communication between every 
department and the London offices, at Portland House, 
Lloyds Avenue, E.C., where llie whole of the sales, finance, 
and general organisation arc controlled. 

The ability of the Company to undertake contracts of 
every degree of importance is unquestioned, and has been 
proved on many occasions in the past ; for instance, by the 
satisfactory way in which they carried out contracts en- 
trusted to them by the respective contractors for the 
Admiralty Docks at Gibraltar, the new waterworks for the 
Birmingham Corporation, the Royal Edward Dock at Avon- 
mouth, and the Barrage and Dam Works on the Nile, 
Docks at Rosyth, Southampton and Swansea, in connection 
with which important contracts the company supplied 
approximately 700,000 tons of Portland Cement to the 
satisfaction of all concerned. Large stocks of matured 
Portland Cement are stored at various points and prompt 
delivery can always be helied upon. 

The development of reinforced concrete as a construc- 
tional material is naturally being watched with the greatest 
interest by the Company, and in order to provide a specially 
finely ground Portland Cement which shall give the best 
results for this purpose, new grinding plant has been in- 
stalled in its leading works. Furthermore, a superfine 
Portland Cement is being produced under the name of 
** Ferrocrete '* for the use of concrete specialists. It is 
being extensively employed by the leading Concrete con- 
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tractors in the United Kingdom, particularly for reinforced 
concrete work. The Company is itself in many instances 
.adopting reinforced concrete at its works and dep6ts, and 
for a variety of purposes. The large loading pier at the 
Swanscombe works of J. B. While & Bros., for instance, 
is entirely built of this material, and many other cases may 
be mentioned, such as the large new warehouse at the Lon- 
don dep6t, Grosvenor Road, Pimlico ; chimneys at the 
Northfleet Works ; clinker and coal-hoppers at other works ; 
and it was employed on a considerable scale in the erection 
of the new ofTices at Lloyds Avenue, Fenchurch Street, 
London, E.C. 

The Company employs fully 6,000 people, and the 
annual capacity of its works is approximately 

ONE AND A HALF MILLION TONS 

or over 

TEN MILLION BARRELS 

per annum. 



*. o 



THE EV ER YDAY JU SES 
OF PORTLA ND CEMENT 

(third edition.) 

Mr, 
Messrs (Name) 

(Occupation) 

(Address) 



herewith request the Associated Portland Cement Manu- 
facLureis (igoo)y Limitedy to forward when issued (free) a 
copy of any Supplement published in connection with the 
above booklet. 



To the Secretary, 
The Associated Portland Cement 
Manufacturers (igoo)y Limitedy 
Portland House y Lloyds Avenue y 
London, E.C. 



Date 
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Fictitious Portland 

Cement. 

A pamphlet which all users of Portland 
Cement should read. It deals with the 
peculiarities of " natural ** cement— A e., 
fictitious Portland Cement — and with 
the methods of those interested in 
pushing its sale. 



Concrete & Reinforced 
Concrete in Mines. 



The Uses of Portland 
Cement in Shipbuilding. 



Copies of the above pamphlets can be obtained free on application to 

THE ASSOCIATED PORTLAND CEMENT 
MANUFACTURERS (1900), LIMITED 

PORTLAND HOUSE 
LLOYDS AVENUE, E.G. 



THE LEADING BRANDS OF 
BRITISH PORTLAND CEMENT. 





Proprietors and Sole Manufacturers ; 

The Associaied Porlland CeniCDt Maniifactu-eri (1900), Litniled, 

Portland Home, Llorda A**Aae, Feackarcb Street, London, E.G. 



TRIS BOOK 18 DUE ON THE LAST DATE 
BTAHPBD BELOW 

AN INITIAL FINE 07 20 CENTS 
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